Western Michigan University

ScholarWorks at WMU
Dissertations

Graduate College

5-2021

The Neuroanatomical, Neurochemical, and Phenomenological
Correlates of Social Bonding, Empathy, and Flow in Music
Improvisation
Edward A. Roth
Western Michigan University, edwardroth3rd@gmail.com

Follow this and additional works at: https://scholarworks.wmich.edu/dissertations
Part of the Alternative and Complementary Medicine Commons, and the Music Therapy Commons

Recommended Citation
Roth, Edward A., "The Neuroanatomical, Neurochemical, and Phenomenological Correlates of Social
Bonding, Empathy, and Flow in Music Improvisation" (2021). Dissertations. 3698.
https://scholarworks.wmich.edu/dissertations/3698

This Dissertation-Open Access is brought to you for free
and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Dissertations by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

THE NEUROANATOMICAL, NEUROCHEMICAL, AND PHENOMENOLOGICAL
CORRELATES OF SOCIAL BONDING, EMPATHY, AND FLOW
IN MUSIC IMPROVISATION

by
Edward A. Roth

A dissertation submitted to the Graduate College
in partial fulfillment of the requirements
for the degree of Doctor of Philosophy
Interdisciplinary Health Sciences
Western Michigan University
May 2021

Doctoral Committee:
Linda I. Shuster, Ph.D., Chair
John M. Spitsbergen, Ph.D.
David J. Colson, D.M.A.

THE NEUROANATOMICAL, NEUROCHEMICAL, AND PHENOMENOLOGICAL
CORRELATES OF SOCIAL BONDING, EMPATHY, AND FLOW
IN MUSIC IMPROVISATION
Edward A. Roth, Ph.D.
Western Michigan University, 2021

The three studies in this dissertation explore the biological and phenomenological underpinnings of music improvisation related to bonding, empathy, and flow. Musical improvisation is
a multi-dimensional behavior encompassing motor, cognitive, affective, and often social domains,
and as such, it is reasonable to consider that music improvisation shares many characteristics
with other forms of non-musical extemporaneous behavior, such as carrying on a verbal dialogue.
The primary aims of this three-study dissertation were to (1) determine the feasibility of the study
designs and interdisciplinary methods; (2) examine potential differences in the neuroanatomical
and neurophysiological correlates of improvisation between non-musicians and musicians; and
(3) better understand the lived experiences of the participants during musical and verbal
improvisation related to social bonding, emotional synchrony, and flow.
Study 1 used functional-magnetic resonance imaging (fMRI) to examine brain activity
associated with free and interactive improvisation on a keyboard in a musically naïve child.
Study procedures were determined to be feasible as the participant was able to carry out all study
tasks as directed and tolerated the procedures for the duration of data collection. Brain areas
associated with self-awareness were significantly deactivated (p < .001) during free improvisation
as well as during interactive improvisation; however, they were coupled with activations of areas
associated with expressive language and empathy during interactive improvisation (p < .001).

Study 2 examined the molecular underpinnings of group instrumental music improvisation,
as well as verbal improvisation, in musicians and non-musicians using blood-based measurements
of oxytocin, vasopressin, dopamine, and cortisol with verbal improvisation serving as a control.
Again, all participants (N = 8) were able to successfully complete study tasks as directed and
tolerate the blood draws. On average, regardless of musicianship status, males had a greater
change in cortisol than females (males M = -.033; females M = .025) after improvising musically
(p < .04). Males also had a significant difference between the decrease in cortisol after music
improvisation (M = -.033) compared to an increase in cortisol after verbal improvisation (M = .026;
p < .01).
In Study 3, emotional synchrony and flow were examined using group instrumental vs.
verbal improvisation paradigms. No statistically significant differences were found between
musicians and non-musicians for either condition and mean scores on the Perceived Emotional
Synchrony and Shared Flow scales were all above 4.00 (on a scale from 1 to 7) indicating that all
participants experienced reasonably high levels of synchrony and flow. Interview data indicated
that members from each group felt more connected to each other as the musical experience
progressed.
The research designs and methods employed across the three studies were determined to
be feasible and appropriate for full-scale follow-up implementation. They provide a guide to
structure interdisciplinary methods of studying health-related outcomes in populations served by
music therapists.
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CHAPTER 1
INTRODUCTION
One in four adults and one in five adolescents experience mental illness such as anxiety
or major depression in a given year and more than 50% of all Americans will experience a mental
illness at some point in their lifetime (Centers for Disease Control, 2018; Kessler et al., 2007).
People experiencing these illnesses often have difficulty expressing emotions related to social
isolation. Music improvisation has been used as a proxy for speech with people experiencing
such symptoms.
The term music is widely understood to refer to sounds that are produced by humans that
are structured temporally, spatially, and dynamically to evoke emotion, interact socially, and
express individual creativity (Koelsch, 2019). All known cultures have included music and
throughout recorded history, humans have incorporated music as a source of wellness (Browne,
1674/1729; de l’Etoile & Roth, 2019; McKinney & Anderson, 1957; Merriam & Merriam, 1964).
Music improvisation is often used as a therapeutic method employed by music therapists worldwide, including those in the United States (De Backer et al., 2016; Meadows & Wimpenny, 2017).
Music improvisation used for therapeutic purposes is often referred to as clinical improvisation
(Gardstrom, 2007) and is used with persons experiencing a wide range of health issues including
those affecting psychological (Gardstrom, 2004; Lipsky & Kantor, 2019; Pavlicevic et al., 1994;
Roth & Kees, 2007; Thaut, 1989), neurological (Brown, 2016; Edgerton, 1994; Kim et al., 2009;
Roth, 2014; Swaney, 2018; Thaut, 1988), and physiological functioning (Keeler et al., 2015;
Pothoulaki et al., 2012). Clinical improvisation is employed within several frameworks including
1
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approaches based on models of music education, psychology, biomedicine, and contemporary
neuroscience (de l’Etoile & Roth, 2019). Clinical improvisation used in music education models
included those of Orff-Schulwerk (Bruscia, 1988; Orff, 1963; Register & Hilliard, 2008),
Dalcroze Eurhythmics (Abramson, 1980; Frego et al., 2004; Jaques-Dalcroze, 1918), and Kodaly
(Brownell et al., 2008; Landis & Carder, 1972). Clinical improvisation used in psychological
models includes the frameworks of behaviorism (Madsen, 1968; Thaut, 1988; Ueda et al., 2013),
cognition (Botello & Krout, 2008; Register & Hilliard, 2008), humanism (Aigen, 2014; Kim,
2004), and psychoanalysis (Metzner, 1999; Odell-Miller, 2018). Biomedical approaches to music
improvisation don’t adhere to a unique set of expectations and structure (Taylor, 2010), however,
but focus on the acquisition of various physiological markers pre and post music-making. This is
also the case for a neuroscientific approach that does not govern the actual improvisational
experience, rather, attempts to understand the underlying neurobiology of those experiences
(Barrett & Limb, 2019; Keeler et al., 2015; Limb & Braun, 2008; Noy et al., 2015). In fact, none
of the models described above indicate or prescribe any particular improvisational techniques.
Rather, they provide a context in which a patient’s improvisation is understood and conceptual
frameworks to guide therapists’ planning and real-time clinical improvisation decisions. This
dissertation will further examine the neurological, physiological, and phenomenological aspects of
improvisation and socio-emotional correlates by using functional magnetic resonance imaging
(fMRI; Study 1), neurochemical markers (oxytocin, vasopressin, dopamine, and cortisol; Study 2)
and the lived experience of participants via self-report procedures using standardized tests and
interviews; Study 3).
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Study 1. Neural Correlates of Musical Improvisation in Musically Untrained Children:
A Feasibility and Pilot Study
The first study, described in Chapter 2, presents what we believe are the first fMRI
feasibility data collected using musically untrained children as participants while improvising
on a piano-keyboard. Neuroanatomical studies conducted to date have used adult professional
musicians, or at least adults who had extensive musical training, as participants so in that sense,
this study provides two novel variables, those being that the participants were children and
musically untrained. This study addressed the following research questions:
1. Feasibility Outcomes:
a. Will the subject(s) be able to understand the directions and perform the tasks as
instructed? Is the level of burden on the subject reasonable?
b. Will the paradigms we’ve created yield sufficient results to make meaningful
comparative analyses?
c. Have we considered all necessary inclusion and exclusion criteria?
d. Can we implement study procedures in a timely manner to avoid or limit subject
fatigue?
e. Is our equipment adequate to the needs of the study?
f. Will there be sufficient availability and capacity to implement the study?
2. fMRI Outcomes:
a. What are the neural activation patterns of typically developing musically naïve
children?
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b. Will typically developing musically naïve children demonstrate patterns of neural
activation indicative of uninhibited autobiographical self-expression during music
improvisation?
Study 2. The Neurochemistry of Instrumental Improvisation:
A Feasibility and Pilot Study
The second study, which Chapter 3 will describe, is designed as a follow-up, variation,
and expansion on a previous study we conducted using singers (Keeler et al., 2015). That study’s
primary aims were to: (1) firstly determine the feasibility of the study design, that is, would singing
in a group context be robust enough to provoke changes in the secretion of oxytocin (OT) and
adrenocorticotropic hormone (ACTH) sufficient to be detected by standard ELISA kit assays;
how well could participants complete the study’s interventions; and (2) compare pre-post changes
in neurohormonal outcomes within and between types of singing (singing from a score and
improvising). The current study aims to investigate similar neurochemical mechanisms as those
in the earlier study, adding vasopressin, dopamine, and cortisol to more accurately understand
neurochemical changes in response to music making and to pursue a more refined understanding
of potential interaction effects. This study will also compare musicians to non-musicians as well
as isomorphically similar musical and non-musical conditions (music vs. verbal extemporaneous
interactions). To this author’s knowledge, the proposed study will be among the first to examine
the neurochemical outcomes related to group instrumental improvisation. Similar to other
researchers examining novel techniques toward developing improved therapeutic care,
determining feasibility is an important step (Burns et al., 2009; LaGasse, 2013a, 2013b). The
research questions for this study will include:
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1. Feasibility Outcomes:
a. To what extent will we be able to recruit and enroll participants into the study?
b. Will the subject(s) be able to understand the directions and perform the tasks as
instructed?
c. Will participants complete the full protocol?
d. Have we considered all necessary inclusion and exclusion criteria?
e. Can we implement study procedures in a timely manner to avoid or limit subject
fatigue?
f. Will the paradigms we’ve created yield sufficient results to make meaningful
comparative analyses?
g. Is our equipment adequate to the needs of the study?
h. Will there be sufficient human availability and capacity to accurately collect,
enter, and sort data?
2. Neurochemistry Outcomes
a. Does improvised instrumental music interaction result in significant pre-to-post
intervention changes in the following:
i.
ii.
iii.
iv.

plasma dopamine
plasma oxytocin
plasma vasopressin
plasma cortisol

b. Does improvised verbal interaction result in significant pre-to-post intervention
changes in the following:
i.
ii.
iii.
iv.

plasma dopamine
plasma oxytocin
plasma vasopressin
plasma cortisol
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c. Will there be significant differences in plasma concentrations of dopamine,
oxytocin, vasopressin, and cortisol between music and non-music conditions?
d. Will there be significant differences in plasma concentrations of dopamine,
oxytocin, vasopressin, and cortisol between musicians and non-musicians
conditions?
Study 3. The Phenomenology of Bonding, Trust, and Social Flow During Instrumental
Improvisation in Adults: A Feasibility and Pilot Study
Chapter 4 presents the final study, which will examine the phenomenology, that is, the
“lived experience” (Flood, 2010; Husserl, 1969; Sato, 2019) of instrumental improvisation. The
two earlier studies in this dissertation address the neurobiological underpinnings of creative
behavior as it is exhibited through instrumental music improvisation. As in other forms of
healthcare, understanding both the biological mechanisms as well as the patient experience is
important in the professional practice of Music Therapy, and as such, Study 3 will use self-report
methods to examine the effects of group instrumental improvisation on bonding, trust, and social
flow. Study 3 will not include a separate set of procedures, rather, provide qualitative analyses of
the improvisation procedures used in Study 2.
Musicians improvising in groups often describe feeling “in the zone” or being in a state
of flow (Keeler et al., 2015; Noy et al., 2015; Pels et al., 2018), which may contribute to feelings
of trust and social bonding (Anshel & Kipper, 1988; Keeler et al., 2015; Kreutz, 2014; Pearce et
al., 2015; Tarr et al., 2014). Using the Shared Flow Scale (Zumeta, Basabe, et al. 2016; Zumeta,
Oriol, et al. 2016), scale of Perceived Emotional Synchrony (Páez et al., 2015), and an interview
(Kvale, 1996; McFerran-Skewes & Grocke, 2007; Pothoulaki et al., 2012), Study 3 will examine
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participant experiences related to instrumental music improvisation. Research questions for this
study will include:
1. Feasibility Outcomes:
a. Study 3 used the same procedures as Study 2, and as such, the feasibility outcomes
will be identical.
2. Flow and Emotional Synchrony Outcomes:
a. Does improvised instrumental music interaction result in significant experiences
of shared flow as measured by the Shared Flow Scale?
b. Does improvised verbal interaction result in significant experiences of shared
flow as measured by the Shared Flow Scale?
c. Does improvised instrumental music interaction result in significant experiences
of shared emotion as measured by the Emotional Synchrony Scale?
d. Does improvised verbal interaction result in significant experiences of shared
emotion as measured by the Emotional Synchrony Scale?
e. Will there be significant differences in scores on the Shared Flow and Emotional
Synchrony scales between music and non-music conditions?
f. Will there be significant differences in scores on the Shared Flow and Emotional
Synchrony scales between musicians and non-musicians?
Summary
The three studies proposed for this dissertation aim to understand the neurobiological
mechanisms and phenomenological parameters related to instrumental music improvisation. The

8
studies are designed to explore the methodological and design feasibility and to inform the use of
clinical improvisation in professional music therapy practice.
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CHAPTER 2
NEURAL CORRELATES OF MUSICAL IMPROVISATION IN CHILDREN:
A FEASIBILITY STUDY
Musical improvisation can be viewed as a multi-dimensional behavior encompassing
motor, cognitive, affective, and often social domains of functioning (Hargreaves et al., 2011).
As such, it is reasonable to consider that musical improvisation shares many characteristics with
other forms of extemporaneous human behavior, e.g., carrying on a dialogue (Alperson, 2010;
Aucouturier & Canonne, 2017). It also seems likely, then, that musical improvisation might
share overlapping neural mechanisms with other structurally similar non-musical behaviors
(Beaty, 2015). Much of the recent research (which has been conducted by a small number of
laboratories, potentially as few as twenty world-wide and over a relatively short period of time,
roughly ten years) has demonstrated that musical improvisation does not utilize dedicated
circuitry specific to improvisation. Rather, similar to the sub-skills involved with improvising
musically, brain functioning during many non-musical activities seems to share multiple neural
networks and a series of activation and deactivation dissociative processes (Limb & Braun, 2008).
Statement and Significance of Problem
There has been a paradigm shift in modern music therapy that has developed over the last
fifteen or so years, one that has moved the discipline from a foundation of social science to that
based on neuroscience (Thaut, 2005; Thaut & Homberg, 2014). Early neuroscience research
related to music in therapy was often conducted as single studies outside of a theoretical framework
and did not appear to be based on, or further develop, working theory. Thusly, contributions to a
16
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more refined understanding of the neural correlates related to the perception and production of
music—in particular, potential clinical applications—were limited. To address the issue, the
Rational-Scientific Mediating Model (R-SMM) (Thaut, 2005) was introduced, in part, as an
epistemological method of scientific inquiry toward the development of therapeutic music interventions based on a neurobiological understanding of music perception and production. The RSMM comprises four step-wise levels of inquiry, each one building on the prior, as outlined here:
•

Step 1: Musical Response Models: basic neurological and physiological foundations
of music perception and production

•

Step 2: Non-musical Parallel Models: similar processes as observed in ‘Step 1’ for
non-musical brain and behavior functioning

•

Step 3: Music Mediating Models: impact of music on non-musical brain and behavior

•

Step 4: Clinical Research Models: therapeutic effect of music with clinical
populations

These steps provide a systematic approach toward the development of new knowledge
within a framework that is based on neuroscientific and behavioral parallels between musical and
non-musical functioning (Thaut, 2005). Prior to clinical research, a mechanistic understanding of
the input-output loops between music perception-production and non-musical brain-behavior
functioning must be established. As it relates to clinical music improvisation, the study of creativity
as a therapeutic modality has a long history (Preminger, 2012; Yaniv, 2011). However, the
literature demonstrating the neuroscientific underpinnings of improvisation is scant and focuses
on improvisation as a proxy for creativity with the advent of modern neuroimaging techniques
(Dietrich, 2004; Dietrich & Kanso, 2010; Fink et al., 2010; Gabora, 2002; Jung et al., 2010;
McPherson et al., 2016; Sawyer, 2011).
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Clinical music improvisation is a method commonly employed by music therapists to treat
individuals across a broad spectrum of diagnostic populations and toward a diverse breadth of
therapeutic outcomes (Aldridge, 1993; Gardstrom, 2007; Nolan, 1989; Roth, 2014; Roth & Kees,
2007; Thaut, 1988). In addition to populations of adults with cognitive or affective disorders,
improvisation is widely acknowledged within the discipline of music therapy as a useful tool in
the assessment, development, and treatment of school-aged children and adolescents with social,
emotional, and behavioral issues (Clark et al., 2013; Gardstrom, 2007; Kirschner & Tomasello,
2010; Roth & Kees, 2007). In particular, clinical instrumental improvisation is often utilized as a
medium for self-expression toward the development of appropriate arousal, social, and emotional
regulation for individuals who are considered to be at-risk, have experienced a trauma, or are at the
onset of a mental health related disability (Loewy & Hara, 2002). Many of these individuals present
with alexithymia, which, among other features, is marked by difficulty or complete inability to
comprehend and express emotion (Ricciardi et al., 2015). Clinicians reliably report coincident
outcomes, such as an ability to use clinical improvisation to express mood-states and practice
appropriate interpersonal interaction, at the behavioral observation level of intervention for these
and similar populations (Davis & Magee, 2001; Erkkilä et al., 2011; Kim et al., 2008; Wigram
& Gold, 2006). However, very little is understood about the underlying neural correlates of
extemporaneously produced music (improvisation)—that is to say, how the brain facilitates this
activity and the inferences that might be drawn and compared to behavioral reports (Dietrich,
2004; Dietrich & Kanso, 2010). This dearth of information is particularly observed in child and
adolescent populations and the relatively few neuroimaging studies conducted with childhood
populations generally report structural architectonic changes to the brain as a result of moderately
long-term involvement with music instruction (Hyde et al., 2009; Jung et al., 2010). However,
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understanding the neural mechanisms involved in extemporaneous collaborative music
improvisation with musically naïve children would provide for more accurate conceptualization
of the therapeutic process and ultimately more effective therapeutic music interventions. Chanda
and Levitin (2013), Legge (2015), and Altenmüller and Schaug (2015) argue that a better understanding of the underlying mechanisms in music perception and production will allow for a more
specified use of music as therapy rather than a more general application of music based on social
science not supported by biological underpinnings. For instance, until the auditory-motor circuitry
involved with moving to music was identified, applications of music for motor rehabilitation
were based primarily on music as a tool for motivation and ignored the more explanatory and
refined use of temporal cues in music that have been shown to catalyze motor responses via
audio-spinal facilitation. This information would lead to better clinical training and would also
allow the clinical and scientific communities to advocate for its use more convincingly to third
party payers where reimbursement for services, is at present, inconsistent.
Review of Literature
Engaging with music is generally considered to be a highly pleasurable experience for most
people, and in fact, there is no known society, past or present, where music has not existed in some
way (Merriam & Merriam, 1964). Blood and Zatorre (2001) and Blood et al. (1999) demonstrated
activation of the reward circuitry as a result of listening to preferred music in areas typically
associated with anticipation or consumption of food, sex, or narcotics. While simply listening to
music elicits strong emotional responses in many listeners, there are differences in patterns of
activation between passive listening and active performance of music. Using a repeated measures
design with professional jazz pianists (N = 6), Limb and Braun (2008) describe patterns of neural
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activity involved in improvised performance that differ when compared to the performance of
memorized music. Among their major findings using functional magnetic resonance imaging
(fMRI), they observed an improvisation-specific activation of motor and language related
cortices as well as a significant dissociated pattern of activity whereby improvisation resulted in
activation of the medial prefrontal cortex (mPFC) coupled with simultaneous deactivation of
dorsolateral prefrontal (dlPFC) and lateral orbital cortices (lOFC). Connected to behavioral
output, Limb and Braun describe these patterns as activation of brain regions thought to be
involved with the generation of autobiographical information (mPFC). This was accompanied by
deactivation of inhibitory cell firing in dlPFC and lOFC, regions thought to be involved in the
conscious monitoring and real-time correction of goal-directed actions. This pattern of activity
related to uninhibited (or minimally inhibited) self-expression is most often associated with
generative neural processes—that is to say, creativity (Limb & Braun, 2008; López-González &
Limb, 2012; Sawyer, 2011). This pattern of dissociated activity could be conceptualized as akin
perhaps, to the disinhibited self-expression observed and described by music therapists in their
clinical applications of improvisation (Tomaino, 2013).
Similar dissociative patterns of activity were reported by Liu et al. (2012) during another
spontaneous form of creative expression: vocal lyrical improvisation in the form of freestyle
rapping (N = 12). These authors observed similar improvisation-specific patterns of activation to
the Limb and Braun (2008) study including mPFC, motor, perisylvian (speech and language)
cortices as well as the amygdala and deactivation of the dlPFC, which indicates a network of
circuitry related to movement, motivation, emotion and language in the absence of real-time
error correction. By comparing levels of oxytocin and adrenocorticotrophic hormone (ACTH)
via blood sampling pre-post singing, Keeler et al. (2015) observed that vocal improvisation may
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result in hormonal modulation. Specifically, the production of oxytocin (a hormone associated
with feelings of trust and bonding) increased as a result of singing (particularly improvised
singing), and ACTH—which stimulates the release of cortisol, a stress-related hormone—
decreased as a result of singing.
Several studies examining between 11 and 13 participants have demonstrated similar
patterns of activity and dissociations during music improvisation with highly trained musicians
(Bengtsson et al., 2007; Berkowitz & Ansari, 2008, 2010), as have music perception studies that
similarly included between 6 and 22 highly trained musicians (Engel & Keller, 2011; Keller et al.,
2011). However, no studies have been identified by the author that explore the neural mechanisms
of extemporaneous music improvisation with musical novices nor with children, populations
with whom music therapists often serve.
Purpose
The previously described process of ongoing self-expression in the absence of constant
self-correction can be useful as a method of expression in the rehabilitation of children who have
experienced trauma. The current study attempts to further develop earlier findings from Limb
and colleagues with adult populations (Donnay et al., 2014; Limb & Braun, 2008; McPherson
et al., 2016) to identify the neural mechanisms and behavioral outcomes involved in clinical
instrumental improvisation with a pediatric population. In order to do so, feasibility and pilot
data are necessary to determine the feasibility of study design and procedures with a small
sample before scaling the study up using a sufficiently powered sample size.
The purpose of the current study was to examine the feasibility of the study protocol.
Recall that the first step of inquiry according to the R-SMM (related to the current study) is to
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determine the basic neurological properties of music perception and production. The theoretical
framework is constructed around a neuroscience model of music perception and production as
described above and shaped by research questions in the following sequence: Feasibility (N = 1)
and Pilot Study (N = 5):
1. Feasibility: Will the subject(s) be able to understand the directions and perform the tasks
as instructed, including the ability to remain still to obtain quality imaging data? Is the
level of burden on the subject reasonable? Will the paradigms we’ve created yield
sufficient results to make meaningful comparative analyses? Have we considered all
necessary inclusion and exclusion criteria? Can we implement study procedures in a
timely manner to avoid or limit subject fatigue? Is our equipment adequate to the needs
of the study?
2. fMRI Outcomes: What are the neural activation patterns of a typically developing
musically naïve child? Will a typically developing musically naïve child demonstrate
patterns of neural activation indicative of uninhibited autobiographical self-expression
during music improvisation?
Methods
Participant
The participant for this feasibility study was a 12-year-old right-handed female with no
known history of psychological or neurological disorders whose musical background included
six months of Suzuki piano lessons that ended roughly three years prior to the date of data
collection, and flute performance in her middle school band for the last two years. The study was
approved by the Human Subjects Institutional Review Boards at Western Michigan University
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and Johns Hopkins Medicine (see Appendices 2-1 and 2-2), discussed with the participant and
her parent, and the assent document was read to the participant. The parent provided signed
consent and the participant provided signed assent. Neither expressed questions or concerns
regarding either document.
Data Acquisition and Analysis
All functional magnetic resonance images were acquired at the site of the study, F. M.
Kirby Research Center for Functional Brain Imaging at the Kennedy Krieger Institute of Johns
Hopkins School of Medicine in Baltimore, MD, using a 3-Tesla whole-body functional magnetic
resonance image (fMRI) scanner (Philips Electronics, Andover, MA) with a 32-Channel head
coil and a gradient-echo EPI sequence. The following scan parameters were used: TR = 2000 ms,
TE = 30 ms, flip-angle = 75 degrees, 80x80 matrix, field of view (ap,fh,rl) 216 x 148 x 240 mm3,
37 parallel axial slices covering the whole brain, 4mm thickness was used to acquire blood
oxygen level dependent (BOLD) image data and analyzed using SPM8 software (Wellcome
Trust Department of Imaging Neuroscience, London, U.K.). BOLD images were preprocessed
in standard fashion, with spatial realignment, coregistration, segmentation, normalization, and
smoothing (8 mm kernel). A first-level general linear model using fixed effects analysis was
estimated using 2 regressors (one for each experimental condition: Scale, Improvise). Each
regressor was convolved with a standard hemodynamic response function. Design matrices also
included covariates of non-interest, which consisted of motion parameters calculated during the
realignment stage and mean signal intensity for the scan. The participant used a 35-key piano
keyboard with plastic keys and shell that did not contain ferrous metals (which would have
interfered with the scanner’s magnet) during data acquisition. Musical information from the
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participant was transmitted from the participant’s keyboard in a high quality piano sample to a
MacBook Pro laptop computer via Musical Instrument Digital Interface (MIDI) using LogicPro
music software (Apple, 2004). Musical accompaniment and related stimuli to the participant
was created using the Apple software GarageBand (Apple, 2019), and was transmitted from a
computer in the control room. The subject heard the music and verbal cues through specially
designed electrostatic headphones used to minimize sound from the fMRI scanner. Additional
hearing protection was utilized to further dampen scanner noise while still allowing for clear
perception of the music. Volume was set to a comfortable level and verified with the participant
prior to the onset of data acquisition. The participant lay in a supine position in the scanner with
her knees bent supported by a bolster and the piano keyboard resting in her lap. A mirror system
reflecting images in three directions allowed the participant to see her hand while improvising.
Design and Procedures
Following informed consent and assent, the participant was moved into a room that housed
a mock scanner, which appeared similar to the actual scanner, but was not functional so she
could get a sense of what it would feel like to lay in the scanner. A series of recordings of scanner
sounds were presented via a speaker system in the mock scanner room so she could also become
acclimated to the types of sounds to which she would be exposed in the actual scanner. The participant was given a demonstration of the keyboard, provided with an overview of expectations, was
provided an opportunity to randomly play on the keyboard so she could get a sense of its tactile
characteristics, and was given some time to ask questions. Following this period, she moved into
the room containing the actual scanner and began the process of preparing for study procedures.
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Two 8-minute counterbalanced block-design paradigms were created using five periods
of scalar performance and five periods of improvisational performance to examine contrasts in
neural activity related to improvisation. In both paradigms, contrasts in brain activity during
three periods were observed: during 20 seconds at rest, during 30 seconds of a musical task of
low complexity (serially ordered scalar performance of a 5-note scale), and during 30 seconds of a
musical task of greater complexity (musical improvisation based on the same 5-note scale) using
the subject’s right (dominant) hand (see Table 2-1.) In Paradigm 1, during periods of scalar
performance, the subject was instructed to play one note per rhythmic pulse in repetitive
ascending and descending 5-note (pentatonic) sequences beginning on F#, i.e., F#, G#, A#, C#,
D#, C#, A#, G#, F# using the finger sequence of 1, 2, 3, 4, 5, 4, 3, 2, 1 (where 1 designates the
thumb and 5 designates the pinky finger). These five tones represent one octave (grouping) of the
black keys on a piano keyboard and their frequencies do not contain dissonant pairings so listeners
do not hear any serial or combined presentation of notes as being musically wrong or aurally
unpleasant. During periods of improvised performance, which resembled an improvisation
experience a music therapist would use as an introductory experience in therapy, the subject was
instructed to freely improvise (change the order of pitches in any way she wanted) but to continue
to limit the improvisation to one note per rhythmic pulse. During periods of improvisation in
Paradigm 2, the subject was instructed to “listen and improvise” in response to four measures of
prerecorded melodies composed to elicit a musical response from the subject. This back and forth
or “call and response” sequence was implemented using four measures of listening and four
measures of improvising three times per improvisation period. Following testing procedures, the
participant exited the scanner, keyboard and hearing protection were removed, and she was
informally interviewed regarding the experience.
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Table 2-1
Block Design

Segment

Time block
(in seconds)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

0–30
30–50
50–80
80–100
100–130
130–150
150–180
180–200
200–230
230–250
250–280
280–300
300–330
330–350
350–380
380–400
400–430
430–450
450–480

Type of performance
Scale
Rest
Improvisation
Rest
Improvisation
Rest
Scale
Rest
Improvisation
Rest
Scale
Rest
Improvisation
Rest
Improvisation
Rest
Scale
Rest
Scale

Feasibility Measures
As stated earlier, to our knowledge, live music making by pediatric subjects during
neuroimaging has not been documented, and as such, we were uncertain as to whether this
population would be appropriate for such a study. Our feasibility outcomes included continuous
and accurate performance of study procedures (i.e., correct and complete performance of tasks)
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and the synchronous use of all study equipment including devices used to produce the musical
accompaniment, produce the subject’s musical output, and the neuroimaging system.

Results

Feasibility Outcomes

Of primary importance given the expense and complexity of this study, as is the case in
most feasibility studies, is to examine a number of factors to help determine how best to construct
and implement a larger study. Most importantly, we wanted to know whether the participant
could maintain study tasks long enough to provide meaningful results and perform the tasks
accurately. Also of importance was whether our paradigms would yield outcomes relevant to
our hypotheses. Following conclusion of the complete trial, several points became evident.
Firstly, the participant was able to tolerate the entire data collection period and did not request
a break or report discomfort of any kind during the trial. The participant was able to understand
the directions and auditory cues to accurately perform all study tasks. The tasks were developmentally appropriate as the participant was able to perform the cognitive and motor tasks
inherent in the study’s performance conditions. The subject was able to hear the musical
accompaniment and all embedded cues. The keyboard used for her to produce her musical
samples did so without error. The musical and neuroimaging equipment, and particularly, the
software used to synchronize musical band neurological events, also performed as programmed.
The two-paradigm counter-balanced design provided fMRI data that was discrete enough among
and between the conditions for meaningful analyses. The entire time of the trial was roughly 2.5
hours inclusive of time for consent/assent, time in the mock scanner, fMRI data acquisition, and
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post-session debriefing. This amount of time exceeded our expected duration of roughly one to
1.5 hours. This was in part due to the late arrival of some team members, some minor difficulties
with equipment, and because the participant was tolerating procedures so well, we presented
additional tasks to be considered for inclusion in a forthcoming scaled-up study. It was also
determined that dental braces and other oral appliances containing ferrous metals will need to
be added to exclusionary criteria due to a considerably larger than expected artifact in bilateral
prefrontal cortices created by dental braces worn by the participant. These outcomes will be
explored further in the discussion.

Functional MRI Outcomes

Of secondary interest for the purpose of this feasibility study were the data related to
neural activity. Data were analyzed using standard contrast methods including the appropriate
masking procedures when appropriate. Slice timing correction was not used due to the block
design. Head motion correction was done during the realignment stage. Two comparison
processes were required to determine true differences in activation levels associated with
improvisation. Voxel by voxel comparisons of clusters of activation related to improvisation
were required to demonstrate both greater levels of activation vs. resting as well as greater
activation levels vs. scale conditions. Similarly (and conversely), significant deactivations of
clustered activity were required to show both lower activity levels vs. resting, as well as lower
activity levels vs. scale conditions. Distinguishing true experimental activations from relative
activations caused by deactivation during the control condition was made possible by implementing this additional masking procedure.
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The two paradigms yielded results that included both similar and differing characteristics.
Not unexpectedly, both paradigms yielded activations and deactivations of sensorimotor and visual
areas (see Table 2-2 and Figures 2-1 and 2-2). However, more interesting than the similarities were
the differences in patterns of activation during the two different paradigms of improvisation.
First, widespread deactivations during both forms of improvisation were rather pronounced
including large areas of frontal, parietal, temporal, and occipital lobes. During free improvisation
(Paradigm 1), this was particularly observed at lobular junctions including the parieto-temporaloccipital (somatosensory, auditory, and visual) perisylvian region. Second, deactivations in
sensorimotor regions were associated with both types of improvisation including decreased
activity in superior and middle temporal gyri (STG & MTG), inferior frontal gyri (IFG), fusiform,
premotor (PMA) and supplementary motor areas (SMA), and the cerebellar vermis (Tables 2-2
and 2-3 and Figure 2-1). Differences in patterns of activation and deactivation between the two
types of improvisation were also observed. During interactive improvisation, widespread activations were observed in left and right inferior frontal gyri (IFG), left insula, and right supramarginal
gyri (SMG). It was also noted that during interactive improvisation, there were reciprocal
patterns of activation and deactivation, most notably in the inferior frontal gyri (IFG) (Table 2-4
and Figures 2-1 and 2-2).
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Table 2-2
Local Minima of Brain Deactivations During Free Improvisation (Paradigm 1)
Region

Left Fusiform Gyrus
Left Fusiform Gyrus
Left Hippocampus
Left Hippocampus
Left Inferior Parietal Lobule
Left Inferior Temporal Gyrus
Left Middle Occipital Gyrus
Left Middle Temporal Gyrus
Left Middle Temporal Gyrus
Left Postcentral Gyrus
Left Superior Frontal Gyrus
Left SupraMarginal Gyrus
N/A
N/A
Right Angular Gyrus
Right Fusiform Gyrus
Right Hippocampus
Right Inferior Frontal Gyrus (p.
Triangularis)
Right Inferior Temporal Gyrus
Right Lingual Gyrus
Right ParaHippocampal Gyrus
Right Superior Temporal Gyrus
Right SupraMarginal Gyrus
Right Precentral Gyrus
Right Precentral Gyrus

Assigned to

Hipp (SUB)

Area 6
IPC (PF)
Area 17
Area 4p

Th-Temporal

hOC3v (V3v)
TE 3
IPC (PFm)
Area 44

T score

Cluster
size

X

Y

Z

5.03
4.42
5.35
5.34
3.6
4.64
4.18
4.61
3.42
3.39
3.91
5.64
4.83
3.76
3.79
4.18
4.99

1557
1557
1557
1557
11
113
1557
113
113
7
7
356
1557
8
200
1557
1557

-30
-30
-15
-15
-27
-66
-21
-66
-57
-48
-15
-51
-21
-27
42
21
18

-58
-40
-40
-40
-52
-25
-61
-40
-46
-13
5
-43
-64
-25
-55
-43
-37

-2
-17
16
7
52
-14
40
-5
13
52
67
40
7
52
34
-8
10

4.15

197

66

14

13

4.11
5.23
3.65
4.01
3.49
5.23
4.05

13
16
16
16
200
197
197

66
18
36
69
48
66
57

-16
-79
-37
-19
-49
2
5

-23
1
-11
-2
40
22
37

Note: All coordinates are presented using the Montreal Neurological Institute system and
converted to the Talairch coordinates for the identification of specific areas of activity. They
were obtained using conjunction analysis to compare data from scalar and free improvisation
paradigms. Coordinates use the anterior commissure as the point of origin; numerical values
represent the number of millimeters from the point of origin. X-axis values increase from left
(hemisphere) to right; Y-axis values increase from posterior to anterior; Z-axis values increase
from inferior to superior. Cluster size represents the number of voxels surrounding the intersection of the three coordinates.
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Figure 2-1. Axial slice renderings of mean activations associated with the interactive improvisation
condition reported at p < .001 contrasted to resting. Numerical labels indicate z-plane axial slices
in Talairch positioning (note that from top to bottom of figure, the slices progress from ventral to
dorsal regions). The scale bar indicates values associated with t-scores. Bilateral activation is
observed in frontal regions, particularly in inferior frontal gyrus (Rolandic operculum).
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Figure 2-2. Axial slice renderings of mean deactivations associated with the free improvisation
condition reported at p < .001 contrasted to resting. Numerical labels indicate z-plane axial slices
in Talairch positioning (note that from top to bottom of figure, the slices progress from ventral to
dorsal regions). The scale bar indicates values associated with t-scores. Bilateral deactivations
are observed, are widespread, and more focally observed at lobular junctions including the
parieto-temporal-occipital region.
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Table 2-3
Local Minima of Brain Deactivations During Interactive Improvisation (Paradigm 2)
Region
Cerebellar Vermis
Cerebellar Vermis
Left Calcarine Gyrus
Left Calcarine Gyrus
Left Cerebellum
Left Cerebellum
Left Lingual Gyrus
Left Lingual Gyrus
Left Postcentral Gyrus
Left Postcentral Gyrus
Left Postcentral Gyrus
Left Precentral Gyrus
Left Precentral Gyrus
Left Precentral Gyrus
Left SMA
Left SMA
Left Superior Frontal Gyrus
Right Calcarine Gyrus
Right Calcarine Gyrus
Right Cerebellum
Right Fusiform Gyrus
Right Inferior Frontal Gyrus
(p. Opercularis)
Right Inferior Temporal Gyrus
Right Lingual Gyrus
Right Lingual Gyrus
Right Middle Frontal Gyrus
Right Middle Frontal Gyrus
Right Superior Frontal Gyrus
Right Superior Temporal Gyrus
Right Thalamus
Right Thalamus

Assigned to
Lobule V
Area 17
Area 18
Lobules I-IV (Hem)
Area 17
Area 18
Area 1
Area 1
Area 1
Area 6
Area 6
Area 6
Area 6
Area 6
Area 18
Lobule VI (Hem)
Area 45
Area 17
Area 17

Area 6
OP 4
Th-Temporal
Th-Temporal

T
score
3.66
3.42
5.22
5.12
3.56
3.55
5.09
5.08
4.86
4.8
3.88
4.28
4.22
3.85
4.56
4.46
4.2
5.35
5.15
4.49
5.26

Cluster
size
12
6
1500
1500
12
12
1500
1500
25
25
25
61
61
61
18
18
61
1500
1500
6
59

X

Y

Z

3
3
-15
-15
-9
-12
-9
-12
-51
-51
-57
-30
-33
-42
0
-6
-18
12
30
9
45

-43
-67
-70
-70
-40
-46
-70
-70
-19
-25
-22
-7
-10
-10
2
2
-1
-67
-67
-64
-22

-17
-5
10
16
-20
-17
10
1
52
55
49
64
61
58
61
61
67
19
13
-5
-29

3.9

5

54

17

34

5.3
5.5
5.31
4.67
4.56
4.24
4.38
3.46
3.34

59
1500
1500
11
11
24
21
5
5

57
9
15
42
39
18
63
12
12

-13
-70
-64
8
5
-13
-4
-31
-34

-23
10
7
52
55
67
10
13
7

Note: All coordinates are presented using the Montreal Neurological Institute system and
converted to the Talairch coordinates for the identification of specific areas of activity. They
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were obtained using conjunction analysis to compare data from scalar and free improvisation
paradigms. Coordinates use the anterior commissure as the point of origin; numerical values
represent the number of millimeters from the point of origin. X-axis values increase from left
(hemisphere) to right; Y-axis values increase from posterior to anterior; Z-axis values increase
from inferior to superior. Cluster size represents the number of voxels surrounding the intersection of the three coordinates.
Table 2-4
Local Maxima of Brain Activations During Interactive Improvisation (Paradigm 2)
Region
Left Inferior Frontal Gyrus (p.
Opercularis)
Left Inferior Frontal Gyrus (p.
Opercularis)
Left Inferior Frontal Gyrus (p.
Triangularis)
Left Insula Lobe
Left Rolandic Operculum
Left Thalamus
Left Thalamus
N/A
Right Inferior Frontal Gyrus (p.
Triangularis)
Right Middle Frontal Gyrus
Right Middle Frontal Gyrus
Right Rolandic Operculum
Right SupraMarginal Gyrus

Assigned to

T
score

Cluster
size

X

Y

Z

Area 44

3.8

39

-51

2

13

Area 44

3.57

39

-51

11

22

Area 45

4.16

39

-54

17

10

Th-Prefrontal
Th-Prefrontal
Th-Prefrontal

3.54
3.47
3.92
3.64
3.94

13
39
15
5
15

-30
-48
-15
-3
-12

14
-1
-16
-25
-10

16
10
7
10
7

Area 45

4.71

156

48

29

13

IPC (PFop)
IPC (PF)

4.46
4.31
3.4
3.74

136
136
12
12

30
27
69
66

26
23
-22
-28

34
37
22
25

Note: All coordinates are presented using the Montreal Neurological Institute system and
converted to the Talairch coordinates for the identification of specific areas of activity. They
were obtained using conjunction analysis to compare data from scalar and free improvisation
paradigms. Coordinates use the anterior commissure as the point of origin; numerical values
represent the number of millimeters from the point of origin. X-axis values increase from left
(hemisphere) to right; Y-axis values increase from posterior to anterior; Z-axis values increase
from inferior to superior. Cluster size represents the number of voxels surrounding the
intersection of the three coordinates.
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Discussion
Following an exhaustive review of the extant literature, we believe that the current study
represents the first instance of neuroimaging of a child while actively engaging in music making
of any sort, including the creative process of musical improvisation. Neuroimaging of aesthetic
behavior is clearly achievable, but difficult, and requires a small step-wise approach to the
development of inquiry as described by Fink et al. (2009, 2010, 2012) and Gabora (2002).
LaGasse (2013) suggests that studies with novel, complex, and expensive protocols might be
best served by following a sequence that begins with a feasibility study, followed by a pilot study
that culminates in a fully developed and well-conceptualized experimental study. The current
project seems to fit the criteria of novel, complex, and expensive—hence, the focus on feasibility
of this initial study to provide insight regarding appropriateness of design, project procedures,
and expected outcomes for subsequent studies. As such, the experimental findings of this initial
study are interesting, but of less consequence to us than the feasibility outcomes.
First, the experiment included a single subject primarily to review the feasibility of design
and methods, and as such, interpretations of neural activity cannot be generalized. As mentioned
earlier, it should be noted that the participant was scanned while wearing typical dental braces
that contained enough ferrous metal to create an artifact large enough to mask activity in her
entire prefrontal cortex (PFC). Prior to scanning, it was known that the participant wore braces;
however, the size of the artifact was underestimated and unfortunately data from PFC could not
be obtained. While it is disappointing to not have data from PFC, a primary region of interest
(ROI), it is of far greater utility at this point for us to know that dental braces made from stainless
steel must be added to the list of exclusionary criteria, due to the larger than expected artifact they
create. Brackets made from ceramic or titanium have been demonstrated to create considerably
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less signal loss and image distortion compared to those made from stainless steel; however,
because the anatomical location being scanned is the brain, braces made from those materials
may also create enough distortion to warrant exclusion (Poorsattar-Bejeh Mir & Rahmati-Kamel,
2015). Another important outcome of this feasibility trial is that the need for qualitative measures
is probably greater, and should be more clearly defined, than we originally identified. Because
many areas of the brain are involved in multiple processes rather than discrete functions, it seems
helpful to interview subsequent participants regarding their actual experiences in an effort to
correlate them with brain activity. For instance, during free improvisation, areas associated with
self-awareness and empathy were deactivated, including the left superior frontal gyrus (lSFG),
right angular gyrus (rAG), and right supramarginal gyrus (rSMG). These deactivations were also
observed during interactive improvisation; however, they were coupled with activations in lIFG,
rIFG, left insular lobe and rSMG, areas respectively associated with expressive language, risk
aversion, and empathy (Babiloni et al., 2012; Singer et al., 2009). These patterns suggest that,
compared to free improvisation, the participant may have been engaged in a more communicative
process (even though she knew the musical cues were prerecorded and not performed in the
moment), perhaps experienced heightened empathy, but may have also been more risk aversive.
However, due to the loss of imaging for PFC and the effect that likely had on analyses, we
present these interpretations with great tentativeness and only as they may contribute to further
exploration. Also, these brain areas have also been correlated to other areas functioning so this
represents the need for qualitative measures in an attempt to pair the participant’s experience
with related brain activity.
Brown, Martinez, and Parsons (2006) observed overlap in brain activity between music
and language perception and production as we did in the current study, suggesting perhaps the
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viability of music as a communication system. Gardstrom (2007), Roth and Kees (2007), and
Clark, Roth, Wilson, and Koebel (2013) point out that they observed an apparent increase in
empathic behavior both during and following therapy as well as an increase in willingness to
take risks in clinical improvisation sessions with adolescents. Activity in the left insula and
rSMG would seem to correlate well with behavioral reports of increased empathy during and
following clinical improvisation and we hypothesize that if indeed this participant experienced
an increase in risk aversion contrary to what has been reported in some clinical literature, that it
may be attributable to a number of potential factors. These include the facts that (1) it was the
first time the participant had ever improvised, (2) it was in an fMRI scanner, and (3) perhaps the
task requires some level of repetition and interaction with a therapist who can musically be more
responsive to the participant than were the prerecorded cues used in the current study. During
interactive improvisation, increased activation of bi-hemispheric operculum, areas thought to be
associated with working memory, were observed. Paired with activity in rIFG, it is reasonable to
consider that the participant may have been experiencing some sense of risk as she was trying to
remember what to do based on the changing directions of the task, i.e., play a scale, improvise in
response to the musical cue. However, amygdalian activity was not observed which would have
implicated some sense of stress or fear, nor did the participant report overt worry or anxiety
following scanning. Further, deactivations of areas associated with self-awareness (lSFG)
coupled with those areas associated with empathy (left insula and rSMG) and sensorimotor
functioning (Goldberg et al., 2006), suggest the possibility that the participant may have been
experiencing a flow state as described by Keeler et al. (2015), MacDonald et al. (2006), and
de Manzano et al. (2010) and de Manzano and Üllen (2012a, 2012b) during both forms of
improvisation, particularly interactive improvisation.
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Conclusion and Recommendations
Based on both the feasibility (design, technical, and procedural) and experimental
outcomes of this initial study, our plans are to proceed with a larger study as follows:
1) by using the same design and performance paradigms as used in this feasibility study;
2) by adding dental appliances to exclusionary criteria; and
3) by adding more formal qualitative measures that attempt to correlate the participant’s
phenomenological experience with neural activity.
While the experimental findings are interesting, they are of secondary importance at this point
and should be considered accordingly. Although case studies are commonplace in neuroscientific
literature, determining relationships between tasks and focal activation patterns that are generalizable to a larger population require sufficiently powered studies. The associated patterns of
activity observed in this study varied enough from each other to potentially indicate differential
applications during therapeutic improvisation in clinical settings, particularly with populations
who may have difficulty using speech as a form of expression (Chen et al., 2016; Clark et al., 2013;
Gardstrom, 2007; MacDonald & Wilson, 2014; Rabinowitch et al., 2013; Raglio et al., 2016).
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CHAPTER 3
THE NEUROCHEMISTRY OF INSTRUMENTAL IMPROVISATION IN ADULTS:
A FEASIBILITY AND PILOT STUDY
Introduction and Review of Literature
A great deal of attention has been paid toward an understanding of the neuroanatomical
basis for musical behavior—that is to say, the identification of regions of the brain involved in
discrete elements of music, such as rhythm, (Koelsch, 2019; Levitin & Tirovolas, 2009), whereas
considerably less is known about the neurochemistry of music perception and production. Chanda
and Levitin (2013) argue that studies of the neurochemistry of musical behavior are likely to
provide greater mechanistic explanatory power than neuroanatomical studies, particularly with
regard to the effects of music on health outcomes, including health-related quality of life. One
neurochemical study (Keeler et al., 2015), on which the current study is based, identified the
neuropeptide, oxytocin (OT), and adrenocorticotropic hormone (ACTH) as key interacting
contributors to feelings of social affiliation, bonding, and trust often reported as outcomes of
group music-making and all of which could contribute to health-related quality of life. That
study demonstrated that the design and procedures used were feasible to elicit and detect changes
in OT and ACTH, that singing seemed to create reductions in stress, and that the production of
OT is idiosyncratic and varied between rote and improvised singing.
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Neuroactive Hormones
Oxytocin and Vasopressin. OT and vasopressin (also referred to as arginine vasopressin
[AVP]) are known to regulate social behavior (Johnson & Young, 2017; Meyer-Lindenberg et al.,
2011) and are considered to be reasonable candidates in the mediation of the social effects of
music (Chanda & Levitin, 2013). Typically thought of as primarily involved in mother-infant
bonding (Numan & Young, 2016), and often referred to as the love or hug hormone in popular
culture (Shen, 2015), developing evidence suggests that OT’s regulation of social behavior
depends on both social context and individual traits (Bartz, 2016; Bartz et al., 2011). As such,
OT by itself should not be considered prosocial; rather, in conjunction with other hormones,
context, and individual characteristics, OT likely increases perception of social behaviors (Bartz,
2016) and helps to regulate stress by increasing motivation for social contact and support within
the context of psychotherapy (Cardoso et al., 2016; Taylor et al., 2000). The role of AVP is also
thought to mediate social behavior, including the social effects of music, but is less understood
(Insel, 2010). One function of AVP that has been observed is that it mediates facial expression
and ratings of friendliness and has effects that differ by gender, where men reacted negatively to
the faces of unfamiliar men but women reacted positively to the faces of unfamiliar women
(Thompson et al., 2006). It is clear that AVP and OT interact to mediate social behavior in human
and non-human mammalians (Insel, 2010; Johnson & Young, 2017; Meyer-Lindenberg et al.,
2011). This includes musical behavior, as AVP has been observed to mediate musical memory
(Granot et al., 2007) and is associated with musical aptitude as it relates to attachment behavior
(Ukkola et al., 2009), such as the use of lullabies to attach infants to mothers (Fancourt &
Perkins, 2017, 2018; Persico et al., 2017; Robertson & Detmer, 2019) and making music to
increase group cohesion (Boer & Abubakar, 2014; Koelsch, 2013). Relatedly, the brain opioid
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theory of social attachment suggests that OT, AVP, and dopamine (DA) contribute to the
development of social bonds, and the feelings of dependence that are required for humans to
maintain relationships are likely instigated by endogenous opioids (Chelnokova et al., 2014;
Machin & Dunbar, 2011; Pearce et al., 2015; Tarr et al., 2014).
Dopamine. The contribution of DA to social behavior is likely due to the pleasure and
reward one experiences associated with increases in secretion of DA (Dubé & Le Bel, 2003;
Egerton et al., 2009). So-called naturally rewarding stimuli (e.g., food and sex) also result in
dopaminergic activity in either/both the ventral tegmental area (VTA) and nucleus accumbens
(NAc) (Alonso-Alonso et al., 2015; Pfaus et al., 1995), as do drugs that possess addictive
properties (Volkow et al., 2017). Fascinatingly, music has also been demonstrated to activate
dopaminergic neurons in the mesolimbic pathway including the VTA and NAc (Blood & Zatorre,
2001; Menon & Levitin, 2005). Further differentiation was observed in pathways between the
anticipation (caudate nuclei) and experience (NAc) of peak emotional reward from listening to
music (Salimpoor et al., 2011). A causal relationship has been observed between music and
hedonic experience. When compared to a placebo (lactose), the administration of a dopamine
precursor (levodopa) prior to music listening increased the hedonic experience and motivational
response, whereas the administration of a dopamine antagonist (risperidone) resulted in a reduction
in both (Ferreri et al., 2019). So, the timeline of approaches described above examining the
relationship between music and dopamine was to firstly use PET imaging to examine activity in
reward circuitry related to music listening (Blood & Zatorre, 2001). Then [C]raclopride PET, a
technique that allows estimating dopamine release in cerebral tissue (Salimpoor et al., 2011), was
used to show activity in dorsal and ventral striatum, bilaterally. Thirdly, fMRI was used to observe
the relationship between the NAc and music listening (Salimpoor et al., 2013). Finally, the
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Ferreri team (Ferreri et al., 2019) pharmacologically manipulated a dopaminergic agonist and
antagonist and observed differential responses to the perceived pleasure of music listening. The
current study seeks to explore the feasibility of the use of blood assays as a method of examining
dopaminergic activity as a result of active music making.
Cortisol. Cortisol is perhaps the most well understood hormone related to stress and is
known to prepare your body for a fight or flight scenario by increasing the amount of available
glucose in the bloodstream and attenuating functions that are non-essential (Dedovic et al., 2009).
However, sustained productivity of cortisol (which is secreted in the zona fasciculata layer of the
adrenal cortex just above the kidneys) is associated with deleterious effects on social, emotional,
and cognitive function and related physiological systems (Chrousos, 2009). Musical behavior has
been observed to mediate the secretion of cortisol, where salivary cortisol did not increase as a
result of listening to music compared to silence (Khalfa et al., 2003), group singing resulted in
decreases in cortisol for people with cancer (Fancourt, Williamon, et al., 2016; Warran et al., 2019),
and group drumming resulted in non-significant reductions of cortisol in people receiving mental
health services for anxiety and/or depression (Fancourt, Perkins, Ascenso, Carvalho, et al., 2016).
The interaction between endogenous oxytocin and cortisol is poorly understood and seems
context-dependent, particularly in social situations (Brown et al., 2016; Schladt et al., 2017).
What is becoming more evident over the last two decades of research is that the brain structures
involved in these neurochemical processes seem to differ based on the intensity and duration of
musical training.
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Musicians vs. Non-Musicians
Gaser and Schlaug (2003) observed that professional musicians had significantly greater
gray matter in regions associated with auditory, motor, and visuo-spatial functioning when
compared to amateur musicians and non-musicians. Acer et al. (2018) also observed differences
in brain structure between professional musicians and non-musicians, particularly in the grey
matter of both hemispheres of the cerebellum, supramarginal and angular gyri, left superior and
inferior parietal lobe, and left middle temporal gyrus. Using a different approach to understand
whether differences in musicians and non-musicians was attributable to training, Hyde et al. (2009)
observed that children who received 15 months of musical training demonstrated increases in
relative voxel size in areas such as motor and auditory cortices as compared to children who did
not receive that training. The two groups of children had no structural brain differences at the
onset of training suggesting that exposure to music instruction, even for a relatively brief time,
structurally reorganizes the brain.
Although comparisons between musicians and non-musicians appear in the extant scientific
literature, to date, there is no universally agreed-upon definition that is used to stratify by musical
ability when comparing musicians to non-musicians (Merrett et al., 2013). For instance, Gaser and
Schlaug (2003) defined professional musicians as those who were engaged in full-time musicmaking (e.g., performance artists, music teachers and students) whose average daily practice
time exceeded one hour, whereas non-musicians were operationally defined as having never
played a musical instrument. Schulze et al. (2011) similarly used university students engaged in
formal music instruction as “musicians” and defined the non-musician group as those who had
no formal training. Grahn and Rowe (2009) defined musicians as having five or more years of
formal musical training with ongoing musical experiences and non-musicians as having no
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formal training or experiences. Less rigid definitions of the amount of experience required for a
participant to meet the criteria of musician or non-musician have also been used. In one study
comparing percussionists and vocalists to non-musicians, non-musician participants were defined
as having no more than three years of musical experience across their lifetime, with no participation
in music making experiences in the three years prior to the study (Slater & Kraus, 2016).
Another study conducted by the current author’s research team used the criteria of less than one
year of formal music instruction either privately or in an ensemble (e.g., school or community
band) and no formal participation in music instruction or performance in the three years prior to
the study to operationalize the term “nonmusician” (Bumgarner, 2015). Given that this proposed
study is a pilot, includes the feasibility of recruitment as an outcome measure, and aims to
maximize outcome comparisons, the term musician is defined as having at least three years of
formal instruction with ongoing music experience greater than one hour per day on average; nonmusicians had no formal music instruction in their lifetime nor music making experiences in the
three years prior to the study.
The current study aims to contribute to better understanding the relationship between
and among oxytocin, vasopressin, cortisol, and dopamine, in the context of the socio-emotional
experience of improvised music-making and verbalization. It is possible that understanding these
underlying biological mechanisms may contribute to improved outcomes for people seeking
treatment from music therapists for mental health issues. Due to the relative novelty of the study
design and outcome measures, this study included both feasibility and biochemistry outcome
measures. The research questions, then, are as follows:
● Feasibility Outcomes:
a. To what extent will we be able to recruit and enroll participants into the study?
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b. Will the participant(s) be able to understand the directions and perform the tasks
as instructed?
c. Will participants complete the full protocol?
d. Have we considered all necessary inclusion and exclusion criteria?
e. Can we implement study procedures in a timely manner to avoid or limit participant
fatigue?
f. Will the paradigms we have created yield sufficient results to make meaningful
comparative analyses?
g. Is our equipment adequate to the needs of the study?
● Neuroactive Hormone Outcomes
a. Does improvised instrumental music interaction result in significant pre-to-post
intervention changes in the following:
i.
ii.
iii.
iv.

plasma dopamine
plasma oxytocin
plasma vasopressin
plasma cortisol

b. Does improvised verbal interaction result in significant pre-to-post intervention
changes in the following:
i.
ii.
iii.
iv.

plasma dopamine
plasma oxytocin
plasma vasopressin
plasma cortisol

c. Will there be significant differences in plasma concentrations of dopamine,
oxytocin, vasopressin, and cortisol between music and non-music conditions?
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Methods
Study Design
This study used a 2x2x2 mixed factorial design that compared musicians to non-musicians
(between groups variable), interactive improvised music vs. interactive improvised verbal tasks,
and pre-to-post-test comparisons (within-subjects variable).
Participants
Participants were recruited from the instrumental jazz studies program at a large midwestern university and from the general student body at that same university (N = 8; n = 4 x 2
groups; Group 1: Musicians vs. Group 2: Non-musicians). Each participant served as their own
control by participating in both the group instrumental improvisation and an isomorphic nonmusical verbal condition. Using recommendations from Kosfeld et al. (2005), exclusion criteria
included smoking more than 15 cigarettes per day, drug or alcohol abuse, weighing less than 110
pounds, bleeding disorders (e.g., hemophilia), and pregnancy. Inclusion criteria for all participants
included university students that were at least 18 years of age. Inclusion criteria for the musician
group included the added attribute of their active student status in the university’s jazz studies
program which was verified by the program’s chairperson.
Location of Data Collection
Study procedures and data collection, including blood sampling, took place in the university
school of music library. Blood samples were obtained in a conference room inside of the library.
The music improvisation intervention took place in a large office across the hall from the library
and the verbal improvisation intervention took place in the same conference room where the
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blood draws occurred. Blood samples were received, stored, centrifuged, and analyzed in a
laboratory in an adjacent building.
Recruitment and Procedures
Following approval by the university’s Human Subjects Institutional Review Board
(HSIRB) (see Appendix 3-1), a recruitment flyer (see Appendix 3-2) was emailed to the chair of
the university’s jazz studies program with a request that the flyer be forwarded via email to all
current instrumental jazz studies majors. Hard copies of the recruitment flyer were also provided
at the end of instrumental ensemble rehearsals and used a recruitment script to state the following
when doing so: “Our colleagues in Music Therapy are conducting a study that will investigate
the neurochemistry of improvisation. If you are interested in participating or finding out more
about the study, their contact information is on the flyer and you are invited to call or e-mail
sometime in the next week.” The flyer included the email address and university phone number
for the investigator and encouraged anyone interested to contact the investigator. The recruitment
flyer was also placed outside of the researcher’s laboratory located in a health sciences building,
as well as a bulletin board in a building that hosts other scientific disciplines. Following an initial
inquiry, a scripted response was sent via email inviting prospective participants to ask any questions
they may have. Upon expression of interest, a consent form was sent to the prospective participant and a meeting was arranged for further clarification and signing of the consent document.
All participants were consented into the study in the investigator’s office.
A potential participant’s appropriateness for inclusion was determined during consent
signing and on a self-report basis. Once enrolled in the study, dates for data collection were
arranged and participants were asked to abstain from food and drink (other than water) two hours
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before the experiment. They were also asked to refrain from smoking, caffeine, and alcohol 24
hours before the experiment. All of the substances and attributes described above qualify for
exclusion due to their likelihood of altering plasma concentrations of the hormones observed in this
study. Participants who completed the study received an Amazon gift card in the amount of $100.
Participants were assigned to one of two groups, musicians (MUS) or non-musicians
(non-MUS), based on their musical background. To create a musical experience that was
aesthetically pleasing and accessible to both groups, improvisations included clear structural
guidelines. These included the use of form to guide the overall stepwise process of when
individuals would play and the use of modes to restrict the actual pitches to those that are
consonant with each other. See roman numeral IV under Stepwise Detailed Protocol below, for
a detailed description. See Figure 3-1 for an overview of the study protocol.

Figure 3-1. Stepwise flow of protocol.
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Data-Collection
Neuroactive Hormone Measures
Data collection procedures were numerous and somewhat complicated involving multiple
people from two laboratories as well as off-campus phlebotomists. Hence, they are presented below
in enumerated formats for purposes of clarity and later replication, first in overview, followed by
a detailed description.
Step-Wise Protocol (Overview).
I.

Participants were asked to verify that they signed the consent form. The investigator
reviewed the protocol and participants were invited to ask any lingering questions they
may still have had at that point.

II.

The phlebotomists conducted the pre-test blood draws two participants at a time.

III.

Blood samples were immediately stored in an insulated transport box packed with crushed
ice and transported to the biology lab where they were cold centrifuged (4°C) and stored.
Samples were vortexed at 1500 rpm for 12 minutes and plasma was recovered and stored
in a -80°C freezer. ELISA assay kits were used to analyze oxytocin, vasopressin, dopamine,
and cortisol from the blood samples. Briefly, 100 ml of sample were placed in a 96 well
plate coated with primary antibodies to capture each respective peptide. The sample was
placed as a whole serum, except for cortisol, in which a steroid displacement reagent was
used. Following incubation of samples, several washes with the wash buffer provided by
the kit were performed, and incubation with secondary antibody was achieved as specified
by the kit. Substrates provided by the kits were used to make color change in the wells.
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Absorbance was read with a microplate reader set to 405nm for oxytocin and cortisol,
and 450nm for dopamine and vasopressin.
IV.

Participants first engaged in an instrumental music improvisation structured tonally using
Phrygian mode such that all pitches are relatively consonant with each other and there were
no perceptible “wrong notes” (Roth, 2014). Participants were given instructions prior to
the start of the musical experience. Firstly, participants were directed to take 30–60 seconds
to explore their instrument and all of its various sonorous qualities, its responsiveness, and
their ability to manipulate the instrument. Once that was completed, participants were
instructed to improvise using the following form: A, B-A, C-A, D-A, E-A where ‘A’ was
the group playing in unison and letters B, C, D, and E denote individual improvisations.
After four measures of synchronous group playing (A), individuals (B, C, D, and E) played
a solo comprising two phrases of two measures each. The whole group responded by
imitating some aspect (e.g., rhythm, tonal contour, etc.) of each individual’s second phrase.
In this structure, the music systematically alternates between individual improvisations
and synchronous performance in a way that conveys empathy, that individual improvisations have been heard, validated, and endorsed (Bruscia,` 1987; Gardstrom, 2007).

V.

When music tasks were completed, the phlebotomists conducted post-test blood draws in
the same room where pre-test draws occurred and blood samples were again transported
to the biology lab where they were centrifuged and stored as described above.

VI.

A 30-minute washout period took place to allow a return toward baseline levels of
neurohormones.

VII.

Following the washout period, steps II–V were conducted for the verbal condition. The
verbal condition consisted of a process that more resembled a group discussion, which is
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to say, participants were instructed to individually improvise a short verbal phrase while
other participants listened. As an individual’s verbal improvisation came to conclusion,
another participant gave some indication that they wanted to respond by physically
gesturing (e.g., raising their hand, pointing to themselves, nodding their head, etc.) or
simply began to talk. They responded to the previous participant’s improvisation by first
incorporating some aspect and reflecting the emotional tenor of that person’s improvisation to demonstrate empathy. This was followed by a period of improvisation where the
individual introduced their own idea(s) and the process continued.
VIII.

Following the verbal improvisation period, each participant had their blood drawn again,
utilizing the same phlebotomy, transport, and storage procedures as described previously.

IX.

After the completion of the final blood draw, the phlebotomists ensured the well-being of
the participants after which, they were free to leave.
Results
Data for the two primary outcome categories, feasibility and scientific effects, are

presented discretely below. Data and related analyses for both outcome categories are reported
based on recommendations and formatting guidelines initially developed by Thabane et al. (2010)
and further described by Eldridge et al. (2016), LaGasse (2013), and Thabane et al. (2016). Also,
the Reporting Guidelines for Music-Based Interventions developed by Robb et al. (2011)
provided further considerations in the presentation of the following results and discussion.
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Feasibility Outcomes
Enrollment took place over a period of two weeks. A total of 39 expressions of interest
were received and responded to, and enrollment was closed when the target sample of two
females and two males in each group (non-musicians and musicians) were consented into the
study. All eight participants who provided consent (see Appendix 3-3) to participate completed
the study. Each participant, through their comments and actions, demonstrated that they understood
how to complete each component of the protocol and all eight participants completed all of the
interventions, blood draws, surveys, and interviews for a total completion rate of 100%. There
were no adverse events reported by any of the participants, although one participant did require
more than one needle poke for three of the four blood draws. That participant was poked seven
times to obtain the four blood samples. Total time of completion was two hours 23 minutes for
non-musicians and two hours 2 minutes for the group of musicians. Data collection began at
4 pm for non-musicians and 5 pm for musicians, so any observed differences in biochemistry
between the two groups would not likely be attributable to time of day. The study design allowed
for all planned comparisons including non-musicians vs. musicians, females vs. males, pre-topost-test changes in cortisol, dopamine, oxytocin, and vasopressin. All aspects of the music
technology worked as planned, including the desktop computer and software, amplifier, and
MalletKat instruments (Alternate Mode, n.d.). The kits used to obtain blood samples by the
phlebotomists were used as planned. Materials used to transport blood samples from the location
of data collection to the laboratory for analyses were adequate to the task. Labeling of blood
samples at the location of data collection was clear to lab members as they prepared the samples
for future analyses.
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Neuroactive Hormone Outcomes
A series of t-tests were used to analyze between groups (independent t-test) and within
groups (dependent t-test) volumetric change comparisons. They included pre-test to post-test
changes in all neurohormones comparing non-musicians (n = 4) to musicians (n = 4) between
and within music and verbal conditions; comparing females (n = 4) to males (n = 4) between and
within music and verbal conditions; and comparing music improvisation (N = 8) to verbal improvisation (N = 8) regardless of musical background and sex. Within-group analyses examined pretest to post-test hormonal changes for each category of participant, i.e., non-musicians, musicians,
females, and males. In this case, p-values are used as descriptive and not as expressions of
population differences. Where they meet the traditional alpha threshold of .05, they are reported
according to standard guidelines as presented in the text, Discovering Statistics Using IBM SPSS
Statistics (Field, 2017).
Between Groups Comparisons
On average, there were no statistically significant differences found in pre-test to posttest change in volumes of any of the neurohormones examined between non-musicians and
musicians for either the music or verbal conditions. However, on average, the change in pre- to
post-test volume of cortisol was greater for males (M = -.033, SE = .019) than it was for females
(M = .025, SE = .013) following music improvisation regardless of music background. This
difference, .058, 95% CI [.003, .114] was significant, t(6) = 2.56, p = .04 (uncorrected). All other
changes in volume of neurohormones from pre- to post-test examined between females and
males were statistically non-significant.
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Within Group Comparisons
Males. On average, pre- to-post-test concentrations of cortisol in males decreased after
music improvisation (M = -.033, SE = .019) and increased after verbal improvisation (M =
.026, SE = .021). This difference, .059, 95% CI [.092, .026] was significant, t(3) = 5.68, p = .01
(uncorrected).
Non-musicians. On average, concentrations of vasopressin increased for non-musicians
from pre-test (M = .183, SE = .020) to post-test (M = .229, SE = .015) following verbal
improvisation. This difference, .045, 95% CI [.004, .086] was significant, t(3) = 3.52, p = .04
(uncorrected). All other within-group changes in volumes of neurohormones, including those for
females and musicians, were statistically non-significant.
Discussion
The current study aimed to assess the feasibility and safety of the study design and explore
any neurohormonal changes that may have resulted from engaging in interactive improvisatory
behavior. To the author’s knowledge, it may be the first to attempt to examine the underlying
neurochemistry of live improvisational music-making and spontaneous verbal dialogue among
musicians and non-musicians. Previous studies examining changes in neurohormones as a result
of interacting with music were based on participants passively listening to music (Ferreri et al.,
2019; Menon & Levitin, 2005; Salimpoor et al., 2011, 2013) or with rote music-making (Bullack
et al., 2018; Fancourt, Williamon, et al., 2016; Keeler et al., 2015; Pearce et al., 2015; Schladt
et al., 2017). Given the interactive nature of most applications of improvisation for therapeutic
purposes, the differentiation between improvisational and rote music-making may be useful
when selecting the types of music experiences to be employed when studying personal health
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benefits or use in therapeutic contexts for people with disorders impacting socio-emotional
functioning. Comparing improvisational music-making to verbal dialogue also may provide a
biological basis on which to make decisions about types of treatment across groups of musicians
and non-musicians. Prior to the onset of the study, it was unknown whether participants would
be able to complete the full protocol, primarily due to any discomfort or anxiety created by the
blood draws. This aspect of the study has implications for a fully-scaled version to be carried out
in the future.
Recruitment, Retention, and Design Considerations for a Larger Study
As LaGasse (2013) points out, when conducting feasibility and pilot research, primary
areas to be considered for successful implementation of the study include assessment of the
ability to recruit, consent, and retain participants; random assignment process; implementation of
the intervention; and scientific outcomes. As mentioned earlier, recruitment was not an issue as
39 individuals who met the inclusion criteria expressed interest in participating. The retention
rate for this study was 100%. This could be attributed to a number of factors, including but not
limited to, an interest in the subject area, the thoroughness of review of the consent materials and
the substantial monetary incentive, which required completion of the study protocol. In retrospect,
it would have been useful to ask participants whether they would have participated if the amount
of the incentive had been lower or if there had been no financial incentive at all. If an incentive
of this size is necessary to recruit participants, then grant funding might be required when scaling
up the number of participants.
In a fully powered study, stratified block randomization would be the most useful design to
ensure equal-sized blocks that also account for covariates (Suresh, 2011). Also, counterbalancing

70
the musical and verbal interventions would be important to mitigate any learning or comfort
effects that might occur as a result of intervention order in a scaled-up study.
For the most part, the intervention was implemented as conceptualized. Based on their
behaviors, comments, and questions, all participants appeared to understand the directions and
performed study tasks as instructed. Participants in the non-musician group were able to quickly
grasp the musical task and reported that they better understood what was being asked of them and
felt more comfortable over the duration of the improvisation. Musicians reported understanding
the task immediately, but also reported becoming more comfortable with playing instruments
that were not their applied instrument over the duration of the improvisation. More details
regarding participant comments are reported in a separate mixed methods study (see Chapter 4).
The duration of time for each component of the protocol was not measured but may need to be
considered when bringing the study to scale. External events may also need to be considered during
scheduling of data collection to limit participant fatigue as data collection for the group of
musicians in this study took place on the last day of their final exams.
Data collection for each group lasted slightly longer than estimated, as indicated earlier,
and although the duration of each portion of the protocol was not calculated, it is possible that
this was due to the collection of blood taking longer than originally planned. Participants were
asked before and after each blood-collection period if they felt well enough to continue and each
participant responded positively, every time they were asked. The space that was used worked as
planned; however, both spaces have been reappropriated to other divisions at the university and
new locations will need to be explored to bring the study to full-scale.
All equipment including the musical instruments, amplifier, computer hardware and
software, ELISA kits, microplate reader, centrifuge, -80˚C chest freezer, other materials from the
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biology laboratory all were utilized and functioned as planned. Materials supplied by the WMU
Environmental Health and Safety Department were obtained through that office as precautionary
measures and fortunately they were not necessary as no adverse events occurred.
As mentioned earlier, one participant required a total of seven pokes to obtain four blood
samples. After each failed attempt, the phlebotomist asked this participant if she was ok and
willing to continue, and after providing consent to do so, the phlebotomist proceeded to obtain
the blood sample. It does not seem unreasonable to wonder whether the potentially mildly
stressful experience of enduring multiple blood draws in a short period of time could influence
all or some of the neurohormones examined in this study. Although it was hypothesized that the
use of blood samples would be the best option to reveal changes in neurochemical activity as a
result of study interventions, other researchers have demonstrated that saliva may yield similar
results (Fancourt, Perkins, Ascenso, Carvalho, et al., 2016; Fancourt, Williamon, et al., 2016;
Schladt et al., 2017; Yuhi et al., 2017) and is less invasive than drawing blood. Given this, use
of saliva should be considered when bringing the study to scale to increase the likelihood of
recruiting a sufficient number of participants for an adequately powered study.
One last consideration when reviewing implementation of the intervention is the
organization and planning of data collection. Because the study involved four people from this
author’s interdisciplinary research lab plus two researchers from a colleague’s biochemistry lab,
two phlebotomists, and eight participants, scheduling data collection was challenging. Due to a
misinterpretation of email correspondence, research personnel from both laboratories and
musician-participants arrived for a data collection period but the phlebotomists did not. A simple
request for confirmation to clarify the date and time of data collection was subsequently used and
should be implemented in a future scaled-up version of the study.
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Neuroactive Hormone Outcomes
The primary purpose of this study was to determine if the design and interventions would
be sufficient to yield observable changes in neurohormone activity that could then be used to
design a full-scale randomized controlled trial. One statistically significant outcome was that the
pre-to-post-test change in cortisol was greater for all males than it was for all females as a result
of music improvisation. Of related interest is that the change in cortisol after the music condition
was directionally divergent between males and females, with cortisol decreasing for males and
increasing for females. In a sufficiently powered study, this could be interpreted a number of
ways, including, perhaps, that males became somewhat less stressed whereas females became
somewhat more stressed as a result of music improvisation (Brugués, 2011).
Two other statistically significant changes in pre-to-post-test measures were also
observed. The first included a difference in cortisol production in all males between music and
verbal conditions, where cortisol decreased after the music condition and increased following the
verbal condition. Inferences cannot be drawn from such a small sample, but in a sufficiently
powered study, one potential interpretation might indicate that compared to interacting musically,
males experienced greater stress as a result of interacting verbally (Brugués, 2011; Buck, 1977,
1984; Chaplin, 2015; Levenson et al., 1994).
The second change included a statistically significant pre- to-post-test increase in the production of vasopressin (AVP) in non-musicians following the verbal improvisation. Inferences
regarding vasopressin by itself are challenging (Insel, 2010) as AVP is thought to interact with
oxytocin (OT) to mediate socio-emotional behavior (Insel, 2010; Johnson & Young, 2017;
Meyer-Lindenberg et al., 2011). As mentioned in the review of literature, one function of AVP
that has been observed with potential relevance to this outcome is that changes in AVP appear to
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underlie responses to facial expression (Thompson et al., 2006). That may be relevant here as the
significant change in AVP was observed after the verbal condition where participants were
looking directly at each other during their discussion as opposed to the music condition where
participants were mostly looking downward at their instruments. From that same study (Thompson
et al., 2006), ratings of friendliness differed by gender where the findings demonstrated that men
reacted negatively to the faces of unfamiliar men but women reacted positively to the faces of
unfamiliar women. No such gender differences were detected in this small pilot study; however,
it seems worth noting that non-musician participants were unfamiliar with each other, whereas,
by virtue of the inclusion criteria, all participants in the musician group knew each other as
they were enrolled in the same university degree program (and they indicated their familiarity
verbally, as well). A full-scale version of this study should account for familiarity among
participants during the assignment stage of the experiment and could include participants who
both know and don’t know each other. This, of course, has clinical implications as most often,
patients being treated in groups with either music or verbal interventions have not met each other
prior to the onset of therapy.
A full-scale version of the study should also consider whether the use of additional
health-related biomarkers (as described by Fancourt et al., 2014; Fancourt, Perkins, Ascenso,
Atkins, et al., 2016; Fancourt, Perkins, Ascenso, Carvalho, et al., 2016; and Fancourt, Williamon,
et al., 2016) would be useful in improvisational experiences where inflammation and functioning
of the immune system were positively impacted by engagement in rote music experiences. This
could be particularly important for various clinical populations.
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Conclusion
The current investigation provided promising results regarding the ability of the study
design and procedures to yield useful information when bringing the study to scale with a
sufficiently powered sample. Participants were able to understand and complete the protocol and
interventions were robust enough to create observable change in neurochemistry. Further considerations include the use of counterbalancing the order of interventions, familiarity among
participants, the use of saliva rather than blood, and the use of additional biomarkers.
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CHAPTER 4
THE PHENOMENOLOGY OF BONDING, TRUST, AND SOCIAL FLOW DURING
INSTRUMENTAL IMPROVISATION IN ADULTS:
A FEASIBILITY AND PILOT STUDY
Introduction
Music seems to be an intrinsic aspect of human nature given its ubiquitous presence
across all known human civilizations (Merriam & Merriam, 1964) and its history dating back
at least 35,000 years, evidenced by bone flutes discovered in what is currently southwestern
Germany (Conard et al., 2009). Mithen (2009) contends that music is actually much older and
points to 300,000 year-old structures that were likely performance spaces and even, perhaps
350,000 years ago, where chanting and dancing would have been used as a musical language for
sexual display, caring for infants, and group bonding (Mithen, 2006). As such, one prominent
theory of music evolution postulates that social groups who often employed more sophisticated
musical practices for interpersonal purposes, such as bonding, likely would have enjoyed superior
survival benefits over their less musical counterparts (Cross & Morley, 2009; Dunbar, 2012;
Mithen, 2006; Savage et al., 2020). Indeed, music continues to be used in seemingly all group
experiences for celebration, soothing, religion, and bonding (Huron, 2001).
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Review of Literature
Music and Social Bonding
Dancing, singing, and other vocalizations were likely used toward motoric and emotional
synchrony to bond large groups of individuals amongst our early human ancestors (Conein, 2011;
Dunbar, 2012; Hill & Dunbar, 2003; Huron, 2001; Pearce et al., 2015; Savage et al., 2020). It is a
much more recent phenomenon in human history to have individuals identified as expert musicians
and even more recent to consider some individuals to be non-musicians and distinguish them
from musicians (Dutton, 2009; Levitin, 2008; Mithen, 2006; Savage et al., 2020).
Musicians vs. Non-Musicians
Comparisons between musicians and non-musicians appear frequently in the extant
literature. Differences have been demonstrated based on expertise, including biological differences.
For instance, professional musicians have been shown to have significantly greater gray matter
compared to non-musicians in brain regions associated with spatial, motor, and auditory functioning (Gaser & Schlaug, 2003). Bihemispheric differences in grey matter were also observed
between professional musicians and non-musicians in the cerebellum, supramarginal and angular
gyri, as well as the superior and inferior parietal lobe and middle temporal gyrus of the left hemisphere (Acer et al., 2018). To examine whether differences between non-musicians and musicians
could be attributed to training, Hyde et al. (2009) explored differences in brain structure between
six-year-old children engaged in music training for fifteen months and those who received no
training. At the onset of their study, differences in brain structure were not observed. By the end
of fifteen months of musical training, which consisted of half-hour private keyboard lessons,
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significant differences appeared in the corpus callosum, bilateral medial and superior frontal
gyrus, right primary motor gyrus, and right primary auditory (Heschl’s) gyrus. Despite the many
comparisons between musicians and non-musicians, to date, a universally agreed-upon definition
of what constitutes the differences or demarcation points between musicians and non-musicians,
remains elusive (Merrett et al., 2013).
In one study, professional musicians were defined as those engaged in full-time musicmaking whose daily practice was greater than one hour, and participants who never played an
instrument were defined as non-musicians (Gaser & Schlaug, 2003). Grahn and Rowe (2009)
used musical training of greater than five years and ongoing musical experiences as inclusionary
criteria for musicians, and Schulze et al. (2011) also used training to define musicians by recruiting university students engaged in formal music instruction. More recently, Bumgarner (2015)
defined non-musicians as those having less than a year of music instruction and not having
participated in music instruction or performance in the three years prior to their study. Similarly,
Slater and Kraus (2016) also defined non-musicians as those engaging in musical experiences
less than three years in their lifetime and no participation in music-making in the three years
prior to their study. What seems to be consistent across the human experience using music of
varying complexity and people across the spectrum of musical capabilities, is the ability of music
to create a sense of communal bonding and emotional synchrony (Savage et al., 2020). It has
been demonstrated that music training mediates the experience of music listening (HernandezRuiz et al., 2020), and experiencing flow in music as an individual is associated with music
practice (Austin & Berg, 2006). What remains unclear is the extent to which expertise in music
mediates the effects of shared experiences during group music playing and whether group music
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performance can be musically structured to attenuate any effects of training to elicit similar
shared socio-emotional experiences across participants of musicians and non-musicians.
Music, Perceived Emotional Synchrony, and Shared Flow
Perceived emotional synchrony (PES) is defined as intense shared emotional experience
(Wlodarczyk et al., 2020). While there is no generally agreed upon definition of group shared
flow (Pels et al., 2018), most definitions and theories of group flow are based on seminal work
by Csikszentmihalyi on individual flow (1975; 1988; 1990). He defined flow as “the state of total
involvement in an activity that requires complete concentration” (1999, p. 822). PES and shared
flow are elicited by music. This is due, in part, to the temporal components of music (e.g., tempo,
rhythm, and meter) as they lead to the unconscious synchronization of movement (Stephan et al.,
2002; Thaut et al., 2015), and synchronizing movement to a “beat” promotes social bonding,
cooperation, and trust (Fairhurst et al., 2013, 2014; Hove & Risen, 2009; Savage et al., 2020;
Tarr et al., 2014, 2015). These experiences are emotionally rewarding (Tarr et al., 2014) and
when engaged in pleasurable group music-making, individuals often report being in a state of
flow, marked by positive affect, high attention, perturbed sense of time, and loss of sense of self
or “oneness” (Páez & Rimé, 2014). More recently, there has been an increasing interest in the
study of optimal experiences resulting from shared flow and their relationship to emotional
synchrony experienced during a group activity such as sports and music (Delle Fave et al.,
2011; Páez et al., 2015; Sawyer, 2007; van den Hout & Davis, 2019; Zumeta, Basabe, et al.,
2016; Zumeta, Oriol, et al., 2016). A recent systematic review and meta-analysis of collective
flow experiences within a music-performance context revealed that in a group setting, music
facilitates flow through subsuming of individual goals for the collective good, application of
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individual skill to meet group challenges, and the coordination of individual contributions toward a
coherent group performance (Tay et al., 2019). Given the known health benefits of social support
(Thoits, 2011), and the experiences of social bonding facilitated through shared flow from music
experiences, Silverman and Baker (2018) propose that flow could be considered a mechanism of
change within a therapeutic context and provided models on which to build related research.
Effects of Sex on Flow Experience
It is not clear whether the experience of flow differs for men and women. While a study
by Habe and colleagues (2019) found that male elite musicians and top athletes experienced
greater flow when participating in group activities than did females, other studies have found no
difference between males and females. For example, Wrigley and Emmerson (2013) found no
difference between males and females on the Flow State Scale-2 following a live music performance, and Marin and Bhattacharya (2013) found that sex did not predict disposition to achieve
a flow state in piano students. It may be the case that individual traits, such as emotional intelligence and susceptibility to flow, are the most important predictors of whether an individual will
achieve a flow state, but more research is needed (Chirico et al., 2015; Marin & Bhattacharya,
2013).
At the group level, most research around music, flow, and emotional synchrony thus far
has been conducted using music listening or rote musical experiences. With few exceptions (Keeler
et al., 2015), studies of improvisation and flow have been conducted using non-experimental
designs (Fidelibus, 2004). Those exceptions include the study of social coordination through
improvisational dance (Issartel et al., 2017), joint attention behaviors through improvisational
music therapy for children with autism (Kim et al., 2008), and a randomized controlled trial that
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found group improvisation to be an effective tool to treat depression in adolescents and adults with
substance abuse disorders (Albornoz, 2011). The primary thrust of the current study was to examine
the feasibility of the experimental design and examine music improvisation as it relates to emotional
synchrony and shared flow. To do so, music improvisation was compared to verbal improvisation,
which is described as being similar in structure, serving similar social purposes, and including
similar everyday playful and creative behaviors (Duranti & Black, 2011; Healey et al., 2005). In
addition, musicians were compared to non-musicians and males were compared to females.
Methods
Study Design
This study used a 2x2x2 mixed factorial design that compared musicians to non-musicians
and interactive improvised music to interactive improvised verbalizing on the constructs of
emotional synchrony and shared flow. Each participant served as their own control and the design
was conceptualized to: (a) assess the feasibility of study procedures including experimental tasks
and outcome measures; (b) compare the effects of music improvisation to verbal improvisation;
(c) make comparisons between musicians and non-musicians; (d) compare participant experiences
of shared flow and emotional synchrony; and (e) examine participant experience in greater depth
using a group interview process.
Participants
Participants included young adults over the age of 18 grouped by gender and music
background (N = 8; two females and two males in each group; Group 1: Musicians; Group 2
Non-musicians). Following approval by the university’s human subjects institutional review
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board (this study used the same participants as Study 2; see Appendix 3-1), participants were
recruited (see Appendix 3-2) and an informed consent process (see Appendix 3-3) was
completed, culminating in their consent to participate. Participants were selected into groups
based on their musical background. Musicians were recruited from the instrumental jazz studies
program at a large midwestern university in the United States and non-musicians were recruited
from the broader student population at the same university. Students who were jazz studies
majors were included due to their highly developed ability to improvise musically in comparison
with non-musician controls. Although all participants were experienced improvisers, all of their
primary instruments were something other than the instrument used to carry out the procedures
of this study, and none had any experience with the instrument prior to this study.
Procedures
Data collection took place on two separate days, one for each group. Physiologic measures
were also obtained from these participants, and the results are reported, separately. Participants
arrived in a private room in the library of the university’s music and dance building and were
asked if they had any further questions about what would be expected of them and to verify that
they signed the consent form. They were escorted to a large office across the hall from the library
and instructions were provided regarding the general structure of the music improvisation.
The improvisations were carried out on three-octave (37 tones) MalletKat Pro digital
mallet instruments (Alternate Mode, n.d.), two of which were set to sound like marimbas which
typically use wooden bars to produce tones, and two of which were calibrated to sound like
vibraphones which, unlike marimbas, use metal bars. The instruments appear similar to small
xylophones and players strike foam pads that are organized as those on a vibraphone to trigger
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the appropriate instrument sounds. Participants first explored all of the sonorous capabilities of
the instruments and were given approximately one-minute to do so. Following the exploratory
period, participants engaged in a music improvisation using the form: A, where A indicates the
whole group improvising simultaneously, and B-A, C-A, D-A, E-A, where letters B, C, D, and E
indicate improvisations from each individual participant. Within this form, the group improvised
simultaneously for four measures followed by each individual improvising for four measures.
The individual improvisations comprised two two-measure phrases. Following each individual’s
improvisation, the full group responded by imitating the last two measures of the individual’s
improvisation by conveying some aspect such as the rhythm, tonal contour, emotional quality, or
some other identifiable feature. Phrygian mode was used to provide tonal boundaries that sound
pleasing, an important aspect of inducing flow (Forbes, 2020), and has been reported to elicit
sustained attention among improvisers (Roth, 2014). The macro-structure (in music, referred to
as form) was used to provide participants with the experience of being heard and validated by
attentively listening to each other and demonstrating such, by musically reflecting back what
they heard from each participant (Bruscia, 1987; Gardstrom, 2007).
Following music improvisation, which lasted approximately 10 minutes, participants
moved back to the private room in the library where they were electronically administered the
flow and emotional synchrony scales on laptops to collect their responses (see below). After
completing the questionnaires, verbal improvisation procedures were conducted.
The verbal improvisation procedures resembled a group discussion where participants
individually “improvised” a short verbal phrase as would naturally take place in conversation
while the rest of the group listened. When a participant’s verbal statements were concluding,
another participant indicated that they wished to respond by gesturing in some way or just began
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speaking, again, mirroring what may naturally occur in a group conversation. To demonstrate
empathy and that they were listening to the previous participant, they reflected something back
from that participant’s comments such as the emotional tenor or actual verbal content. They then
offered thoughts of their own and the improvisational verbal process continued, lasting approximately 10 minutes. After completion of the verbal improvisation tasks, participants were briefly
interviewed to offer feedback about the experience.
Measures
Feasibility Outcomes
Because the design of the study is relatively novel, measures were included to examine
the feasibility of the study design. Outcomes included our ability to recruit and enroll participants,
the ability of participants to understand and perform study tasks, completion rates, duration of
procedures to limit fatigue, adequacy of equipment and materials, and the appropriateness of
chosen scales to measure the phenomena in question.
Emotional Synchrony Scale
The scale of Perceived Emotional Synchrony (PESC) (Páez et al., 2015) comprises 18
items that assess subjective, general social well-being, and shared emotions associated with
participation in group experiences. The scale is anchored from 1 (not at all) to 7 (very much).
Cronbach’s α for total score for this sample was .92, indicating a high level of reliability.
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Shared Flow State Scale
The Shared Flow Scale (SFS) (Zumeta, Basabe, et al., 2016) is an adaptation of the
Dispositional Flow Scale (Jackson & Marsh, 1996), measuring optimal, or peak, performance,
originally with elite athletes. The SFS uses individual responses to shared group experiences and
includes 27 questions across nine dimensions as originally described by Csikszentmihalyi (1990):
(1) Balance between challenge and skill; (2) Clear proximal goals; (3) Unambiguous and direct
feedback; (4) Action-awareness merging; (5) Focused concentration on the current activity;
(6) Sense of control over one’s actions; (7) Loss of self-consciousness; (8) Loss of time awareness or time acceleration; and (9) Autotelic experience. The scale was anchored from 1 (not at
all) to 7 (very much). Cronbach’s α for total score for this sample was .95, indicating a high level
of reliability.
Interview
Participants were interviewed as a complementary method to provide a more detailed
account of their experiences related to improvising musically and verbally in relationship to the
themes of emotional synchrony and shared flow. The interviews were also included to provide
important feasibility information, such as identifying potential conflicts, weaknesses, or inconsistencies between the intended and actual participant experience (Turner, 2010). Data from
structured interviews were obtained in a naturalistic inquiry format (Athens, 2010; Lincoln &
Guba, 1985, 2011; Miles & Jozefowicz-Simbeni, 2010) and elicited by the following questions:
1. What stands out to you the most about this experience?
2. Do you recall moments when you experienced a sense of connection with an individual in
the group?
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3. Do you recall any moments when you experienced a sense of connection with the whole
group?
4. If you felt a sense of bonding or connectedness, did you feel it more strongly in the music
or verbal section, or about equally in both?
5. Were there moments when you felt particularly “out of sync” or disconnected from the
group?
6. How were the experiences different between making music and talking?
7. Is there anything else we haven’t discussed that you’d like me to know?
The interviews allowed participants to raise additional questions and comments. Further
inquiries were made of participants to facilitate the discussion by repeating questions, clarifying
the intent of questions, and generally encouraging their responses. The interviews were video
recorded and audio was extracted from the video files using Quicktime Player (Apple Computer,
2020). Audio files were then uploaded to NVivo 12 Pro software package (QSR International,
2018) to transcribe the interviews. Further transcription was required to correct semantic errors
and this task was completed by the researcher.
Because the interviews were used as a complementary mechanism and not the main
method of data collection, a brief inductive coding process was used to organize and understand
practical information that could inform the implementation of a fully-scaled version of the study
(Cohen et al., 2000; Miles & Jozefowicz-Simbeni, 2010). Secondarily, a single level thematic
analysis was used to reveal a cursory understanding of the participants’ subjective experiences.

108
Results
Feasibility Outcomes
Data are presented below for two primary outcomes: feasibility and phenomenological.
As this study included feasibility considerations, recommendations for reporting the outcomes
of feasibility studies by LaGasse (2013), Shanyinde et al. (2011), and Thabane et al. (2010)
informed data reporting and formatting of the analyses.
Of the eight participants who consented to participate in the study, all of them completed
all study requirements including the interventions, questionnaires, and interview for a total
completion rate of 100%. Completion of the full protocol lasted two hours 23 minutes for nonmusicians and two hours two minutes for musicians. The onset of data collection began at
approximately the same time of day for each group, 4 p.m. for non-musicians and 5 p.m. for
musicians.
Design, Methods, and Materials
All planned comparisons including non-musicians vs. musicians, females vs. males, and
music vs. verbal conditions were achieved through the design of the study. The musical, technological, and inquiry materials all functioned as planned, including the MalletKat instruments,
amplifier, desktop computer and software, laptops and Qualtrics to administer the questionnaires,
and the recording devices used to capture the interviews.
Phenomenological Outcomes
Statistical analyses were completed using IBM SPSS software (version 26). t-tests were
used to examine between-groups and within-group differences using the Perceived Emotional
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Synchrony Scale (Páez et al., 2015) and Shared Flow Scale (Zumeta, Basabe, et al., 2016).
Comparisons were made between musicians (n = 4) and non-musicians (n = 4); females (n = 4)
and males (n = 4), as well as within-group comparisons for gender and music background
following music and verbal improvisation conditions. On average, no statistically significant
differences were observed between any of the variables on the PESC or SFS with alpha set at
.05. As mean scores for all groupings of variables were higher than 4.00 (both scales used a
range of 1 - 7), participants indicated that they experienced relatively high levels of emotional
synchrony and flow. See Tables 4-1 and 4-2, respectively, for descriptive statistics.
Table 4-1
Perceived Emotional Synchrony Scale (PESC) Means and Standard Deviations by
Gender and Music Background
M

SD

Females After Music

5.47

.84

Males After Music

5.56

1.10

Females After Verbal

5.36

.98

Males After Verbal

5.02

1.30

Non-Musicians After Music

5.96

.75

Musicians After Music

5.07

.92

Non-Musicians After Verbal

5.63

1.18

Musicians After Verbal

4.75

.90
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Table 4-2
Shared Flow Scale (SFS) Means and Standard Deviations by Gender and Music Background
M

SD

Females After Music

5.96

.46

Males After Music

6.13

.54

Females After Verbal

5.93

.62

Males After Verbal

5.50

1.28

Non-Musicians After Music

6.27

.38

Musicians After Music

5.82

.49

Non-Musicians After Verbal

5.96

.84

Musicians After Verbal

5.46

1.13

Interview
All eight participants, four non-musicians and four musicians, actively participated in the
interview process with each member of each group responding to all questions. This would
seem to indicate that interview questions were understood by the participants and able to elicit
appropriate responses for the intended purpose. Interviews for both groups provided further
evidence for the feasibility of the study design and procedures as participants indicated in their
responses that they understood what they were asked to do in both musical and verbal conditions.
Also related to feasibility, participants in both groups indicated that the verbal condition was
“easier,” and possible reasons for this are described below in the participants’ comments, due to
it being the second of two conditions.
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There were two major themes in participant responses related to improvising musically
and verbally including Differences Between Music and Verbal Interactions and Feelings of
Connectedness. There was agreement in the thematic nature of responses across both groups;
however, some differences existed between musician and non-musician participants and these
are explored below using exemplary quotations.
Differences Between Music and Verbal Interactions. Musicians and non-musicians both
noted that the experiences had similarities and differences, but some differences between their
comments and questions were observed. Pseudonyms are used for confidentiality and were
selected using an online service, Name Voyager (Wattenberg, 2005). For instance, musicians had
more questions about the structure of the music than did non-musicians (who didn’t comment at
all about the musical structure), such as “so, why did you decide to use Phrygian mode?” (Julia,
musician). Another musician, Evan, pointed out that for him, “Probably the best for me, was the
interaction with the marimbas. Because I mean, you know, I think it’s a different experience
being a musician, but not being a percussionist” so, “there’s definitely a learning curve. I think it
took us a little bit to like, you know, figure out how light the reaction time is” (Jordan).
Members in both groups noted that improvising musically likely had a priming effect that
carried over to the verbal condition. Their observations included the comments “It was easier to
have a discussion after the music performance because it’s kind of creating the same friendly
atmosphere” (Jordan, musician); and “But I also think maybe it’s notable that, like, we did the
music-thing first, right? Yeah. As we were, like, getting to know each other more. And then we
opened up when we felt more comfortable during the talking part” (Jennifer, non-musician).
Other members who did not comment about this topic, in each group, did not contradict these
observations and demonstrated agreement by nodding their heads or otherwise vocalizing.
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Other observations were more directly related to the interactive aspect of the experiences.
For non-musicians, Frank noted that he thought interacting musically avoided problematic interactions based on differences between group members when he stated, “but when you’re speaking
with a group of people, that’s when a person with different opinions could get in the middle and
cause problems, then you, I will say it would be easier, talking in music, you know? There will
be prejudices while talking. And there wouldn’t be interruptions when somebody is talking
musically.” Frank further stated “I think we’re all pretty good at communicating,” but for people
who are “not like, necessarily, like social people, like they might feel more comfortable in the
music situation.” Aaliyah further supported this idea by stating “Right, or at least to come out of
your shell more because you’re like less, like, on the spot, maybe, when playing music.”
However, contrasting perspectives were shared amongst non-musicians, and pointed
toward favoring verbal over musical improvisation in terms of its ease because they’ve been
speaking for almost all of their lives or due to personality contributions, whereas, the study was
the first time they had ever engaged musically with other people. For example, Aaliyah also
stated “if my sister did this, (improvise musically) oh, she would be like sinking in her seat! I
think it makes it a lot easier because we all seem pretty outgoing. I mean, basically, we’ve been
talking since we were two!” That comment was echoed by Jordan, who stated “In the verbal, it’s
more of like, oh, well, I should be this way or I should be that way. And that’s because we’re all
speaking before we were playing music. So I think that’s kind of a little more ingrained. Whereas
with the music, since I’ve developed a kind of a relationship with these people and myself, there
was less of an expectation on, you know, I shouldn’t be this way or that way.”
Musicians were more uniform in their responses regarding their heightened comfort in
music making over verbalizing. One example of this includes a comment from Lisa, “the music
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conversation was easier. It took us a while to get going, but once we figured out the groove, I
think we all just super focused and especially ... the last couple of minutes.” Followed by, “Yeah,
I felt that, too” (Evan), and “yeah, yeah, and playing off each other” (Lisa).
Feelings of Connectedness. Participants in both groups commented on feeling connected
or bonded to other group members during both conditions. Musicians identified connecting with
each other more during the music rather than verbal experience and also pointed out the effect of
time-in-experience. “In the end … everyone started playing off of each other ... I was listening to
him for harmony and he was listening too. It wasn’t something I was doing prior to that” (Lisa).
Julia agreed, stating “I think that (music improvisation) was, like, way more natural than the
other connections I had with the group in general.” Interestingly, one of the musicians pointed
out that during portions of the musical improvisation, they were all playing at the same time and
that there wasn’t a good verbal analogue for that experience; “for me … (I felt more connected)
during the musical, just because we were all consciously speaking in a way that’s like, you
know, all constantly playing notes. Whereas here it was like, OK, I’ll respond to Evan. And then
Lisa responds to Evan and it’s harder to do that when speaking.” This was supported by Evan,
who also elaborated including speculation about the impact of personality; “I think for me with
the verbal, I did feel it probably not as strong as the musical. For whatever reason, I’m not sure
but the musical was more satisfying to get to that, to that, place. Yeah, I feel like it might also be
a personality thing.”
Non-musicians seemed to indicate having strong feelings of connectedness during both
experiences and consider several factors. Similar to what the musicians observed, non-musicians
also point out the experience of making music simultaneously in back-and-forth discussion,
observing, “really what we’re doing synchronized” (Simon) “so … everyone can see everyone’s
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... (taking turns) going around” (Jennifer) “yeah, and then making each other laugh!” (Aaliyah).
“We were assigned to do this and then we were like, OK, let’s do this together and let’s try to …
synchronize” (Frank). Aaliyah more directly addressed the issue by stating “I would say that ... I
felt more connected with everyone when we were talking. I mean, I felt connected when we did
the music, but I also, like, really focused on what I was doing, like focusing on what I was going
to have to repeat. But ... when we were talking, I was more focused on what everyone else was
saying.” Frank felt differently, saying “I will say the opposite, because ... when you’re speaking
..., unless you’re a good listener, you’re gonna be thinking of what you’re gonna say next.” In
responding to a question about how it made her feel when Simon stated that he thought she was a
good listener, especially during the verbal experience, Jennifer stated, “That makes me feel good.
And it’s nice when you open up and you say something, you feel like someone else feels that way.”
Discussion
The current study pursued two primary aims: (a) assess the feasibility of the study design
including its tasks and outcome measures, and (b) better understand the participant experience as it
related to emotional synchrony and shared flow. Overall, the feasibility of the study was confirmed,
including the ability to recruit, enroll, and retain participants through the successful completion
of the full study protocol. Because a convenience sample was used, all members of the group of
musicians knew each other and had made music with each other as part of their university
training, whereas, none of the participants in the non-musician group had met each other prior to
the study. Familiarity among participants in musical experiences may impact a sense of social
closeness as Grettenberger (2020) observed in a study comparing the effects of singing on
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feelings of connectedness between groups of participants who were, or were not, familiar with
each other.
The experimental tasks were feasible based on participants’ comments and ability to
accurately complete each of the study’s conditions. In the music condition, the use of a simple 7tone scale provided participants with a tonal structure by which to make music that was both
interactive and pleasant sounding, and participants from both groups reported greater expressive
freedom that increased as the experience unfolded. This suggests, perhaps, that music improvisation offered in this way provides immediate success, but breadth of creativity and purposive
interpersonal expressivity may improve with experience. This phenomenon was similarly observed
amongst groups of dancers with varying level of expertise, where dancers with greater expertise
were able to improvise using greater creativity individually and more communicatively during
joint improvisations (Issartel et al., 2017). Participants were able to complete both questionnaires
in the electronic format presented to them, accurately, completely, and in a timely fashion.
Outcomes from the questionnaires seem to be in general alignment with information gleaned
from the interviews, indicating that they are useful measures to assess the constructs of emotional
synchrony and shared flow and the Cronbach values indicate satisfactory reliability for this
sample frame. All mean scores exceeded 4.00, with all scores rounding to the nearest integers of
five and six indicating that participants experienced relatively highly levels of emotional
synchrony and shared flow during both conditions and across both male and female participants.
This is particularly interesting as it suggests, if the findings were to remain consistent in a full
scaled sufficiently powered version of the study, that prior experience with music improvisation
may impact more nuanced aspects of the experience rather than fundamental responses that were
shared by both musicians trained to improvise and non-musicians, alike.
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The use of a simple mode, in this case Phrygian, provided enough tonal structure for
musically naive participants to successfully produce music that was pleasing and sufficient tonal
breadth to allow trained improvisational musicians to engage musically on their non-primary
instruments. This finding is consistent with information in the extant literature on the introduction
of improvisation in teaching and clinical scenarios (Beer, 2011; Carroll & Lefebvre, 2013;
Edgerton, 1994; Gardstrom, 2007; Roth, 2014; Wigram, 2004).
Comparing improvising musically and verbally may be useful when selecting the types
of experiences which could be employed toward personal health or use in therapeutic contexts
(MacDonald & Wilson, 2014). In this case, comparing improvisational music-making to verbal
dialogue may provide information on which to make decisions about types of treatment, as
experiences that lead to shared flow and emotional synchrony have been demonstrated to
increase compassion for others as well as subjective well-being (Pizarro et al., 2020).
Limitations and Future Research
The two conditions as implemented in this study were not isomorphic in structure as both
conditions included periods of communication that featured individual contributions, but only the
music condition included periods of time where all participants were playing in temporal synchrony
as a group. If participants were to talk simultaneously, it would likely have been experienced as
chaos, whereas the periods of synchronized music making in the current study were structured to
elicit a sense of grounding (Bruscia, 1987) and social connection (Gardstrom, 2007). Although
none of the current participants experienced difficulty completing either outcome measure, use
of the PES short form (Wlodarczyk et al., 2020) and Short-form Flow Scale (SFS) (Jackson
et al., 2008; Martin & Jackson, 2008) should be considered in a large-scale multi-outcome
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version of the study to limit the amount of time required to complete study tasks. Relatedly, use
of the Identity Fusion Scale (Swann et al., 2009), which measures the degree of “oneness” an
individual feels with a group resulting in heightened personal agency and pro-group behavior, and
the Vaux Subjective Social Support Scale (Vaux et al., 1986), would both be useful measures in
better understanding the links between social support experienced through music-making and
improved physical and psychological well-being (Thoits, 2011).
Although not employed at the feasibility stage, an adequately powered version of the
study should counterbalance the order of interventions to control for exposure effects. The
current participants were observant enough to note this in their remarks.
Conclusion
The current study demonstrated an ability to yield useful information related to study
design, recruitment, and enrollment. Current outcomes suggest that, although differences in
experience of flow and emotional synchrony exist between improvisationally trained musicians
and non-musicians, those differences were statistically insignificant and subtle, and participants
from both groups indicated that feelings of connectedness and flow increased over the duration
of the music experience.
Considerations for further research include the use of short-form scales, counterbalancing
the order of interventions, and familiarity among participants. Although in its early stages of
research, the health benefits of social affiliation and shared flow may make the application of the
study’s methods the most significant contribution of the current study toward the well-being of
groups served by music therapists.
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CHAPTER 5
CONCLUSION
The purpose of this three-study dissertation was to examine the feasibility, underlying
neurobiological mechanisms, and subjective experiences of participants during instrumental
music improvisation, structurally similar to those used in clinical scenarios by music therapists.
These studies are closely aligned with objectives of the Sound Health: Music and the Mind
initiative carried out by the National Institutes of Health (NIH), Kennedy Center, and National
Endowment for the Arts (NEA) (Collins & Fleming, 2017), in which twenty million dollars was
allocated in an initial round of funding for research in music neuroscience (National Institutes of
Health, 2019). The primary categories of activity of the Sound Health initiative include: (1) Basic
and Mechanistic Research, (2) Translational and Clinical Research, (3) Methods and Outcomes,
and (4) Capacity Building and Infrastructure (Cheever et al., 2018) for music-based experiences
in therapy toward health-related objectives.
Studies one and two of this dissertation were most closely related to domain (1) Basic
and Mechanistic Research while Study 3 is perhaps more closely related to domain (2), Translational and Clinical Research. The dissertation employed functional magnetic resonance imaging
(fMRI), neurochemistry techniques, surveys, and an interview to better understand the anatomy,
physiology, and lived experiences of both non-musicians and highly trained improvisational
musicians engaged in instrumental music improvisation. Collins and Fleming (2017) argue that
music therapy has the potential to benefit substantially from the increasing emphasis on interprofessional cooperation and technological advances in neuroscience. They further state that
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music therapists “are likely to contribute as much as they benefit” from studies such as those
completed within this dissertation which “promise to provide mechanistic clues as to how music
therapy may be working and how its efficacy can be improved” (p. 2, 2017). Studies one and two
were conducted in collaboration across disciplines, professions, departments, and universities,
including a neurosurgeon, radiologists, and a biostatistician at Johns Hopkins Medicine, as well
as biologists and music therapists at Western Michigan University.
Study 1. Neural Correlates of Musical Improvisation in Musically Untrained Children:
A Feasibility Study
The purpose of this study was to explore brain activity associated with extemporaneous
interactive music-making among children who had no formal musical training, testing the
feasibility of a design previously used with professional jazz musicians (Donnay et al., 2014;
Limb & Braun, 2008). There was one child participant who understood and was able to complete
all study tasks without reporting the need for a break, and all of the neuroimaging, as well as the
musical equipment, worked as planned. An artifact created by the participant’s dental braces was
much larger than anticipated, cementing the need to include dental appliances that contain any
amount of ferrous metal in participant exclusionary criteria. The free and interactive improvisation
paradigms yielded meaningful comparisons between improvisational and rote music performances
indicating that study tasks are likely to yield meaningful and generalizable results in subsequent
sufficiently powered studies. The need for qualitative measures, such as those obtained through
interviews, appears necessary to understand participants’ subjective experience, as neuroanatomical
regions, particularly for creative and executive function behavior, often overlap in function. For
instance, with this participant, areas associated with self-awareness and empathy were deactivated
during free improvisation, as well as during interactive improvisation; however, they were
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coupled with activations of areas associated with expressive language, risk aversion, and
empathy (Babiloni et al., 2012; Singer et al., 2009) during interactive improvisation. For the
purpose of future hypothesis testing, these patterns tentatively suggest that compared to free
improvisation, the participant engaged in a more communicative process during interactive
improvisation, using music as a language system, such as described by Brown et al. (2006). If
replicated in a sufficiently powered study, particularly with participants who struggle with verbal
communication of emotion such as those with autism spectrum disorder, trauma, and alexithymia,
a neurobiological basis for the application of interactive clinical improvisation for therapeutic
purposes could be demonstrated.
Study 2. The Neurochemistry of Instrumental Improvisation in Adults:
A Feasibility and Pilot Study
Whereas the first study attempted to understand the neuroanatomy of interactive
improvisation, Study 2 examined the molecular underpinnings of the same activity by using
blood-based measurements of a series of hormones associated with bonding, pleasure, and stress.
Specifically, changes in oxytocin, vasopressin, dopamine, and cortisol attributable to interactive
improvisation were examined, comparing musicians and non-musicians as well as females and
males using a verbal condition that isomorphically resembled music improvisation. As this appears
to be a novel approach based on an extensive review of the extant literature, the feasibility of the
study’s design, tasks, and outcome measures was also assessed, demonstrated to be achievable,
and yielded meaningful comparisons.
No statistically significant differences were found in pre-test to post-test changes in
volumes of cortisol, dopamine, oxytocin, or vasopressin between non-musicians and musicians
in either the musical or verbal conditions. However, on average, males had a greater change in
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cortisol volumes than females, which was directionally distinct (males M = -.033; females M =
.025) after improvising musically, regardless of their musical background and this difference was
significant (p < .04). Males were also found to have a significant difference between the decrease
in cortisol levels after music improvisation (M = -.033) compared to the increase in cortisol they
experienced after verbal improvisation (M = .026), p < .01. Although often oversimplified, cortisol
has been associated with stress in the literature (Brown et al., 2016; Dedovic et al., 2009; Fancourt
et al., 2016). If similar results were found in a sufficiently powered version of this study, current
results could be interpreted to indicate that males experience a slight decrease in stress, whereas
females experience a slight increase in stress, as a result of a single brief improvisation experience
(Brugués, 2011). Additionally, males seem to experience significantly less stress as a result of a
brief interactive and extemporaneous musical improvisation compared to a similarly structured
verbal improvisation. Relatedly, extemporaneous verbal interaction resulted in a significant
increase in vasopressin in non-musicians (p < .04). This finding is somewhat perplexing as
vasopressin is thought to mediate socio-emotional behavior in conjunction with oxytocin
(Insel, 2010; Johnson & Young, 2017; Meyer-Lindenberg et al., 2011); however, no significant
changes in oxytocin were found.
Study 3. The Phenomenology of Bonding, Trust, and Social Flow During
Instrumental Improvisation in Adults: A Feasibility and Pilot Study
Finally, Study 3 was designed to better understand the lived experience of participants
related to social connectedness during instrumental improvisation using the constructs of emotional
synchrony and social flow as outcomes. Statistically significant differences in perceived emotional
synchrony (Páez et al., 2015) and shared flow (Zumeta et al., 2016) were not observed following
either the music or verbal condition between highly trained improvisational musicians and non-
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musicians. Mean scores were above 4.00 (on a scale from 1 - 7) indicating reasonably high
scores on both the Perceived Emotional Synchrony Scale (Páez et al., 2015) and Shared Flow
Scale (Zumeta et al., 2016). This may indicate that instrumental improvisational experiences can
be structured to elicit strong feelings of emotional synchrony and shared flow regardless of the
amount and type of prior musical training. Interviews indicated that members from each group
found that they felt more connected to other group members and more fully ensconced in a state
of flow as the musical experience progressed. This suggests, perhaps, that in addition to the
immediate effects of the experience, in order to more fully reap the health benefits associated
with flow and emotional synchrony, one may need ongoing exposure to the methods.
Additionally, Abrams (2011) and Aigen (2015) argue that improvisational experiences are most
clinically effective within a therapeutic relationship, and relationships take time and shared
experience to develop.
Implications and Further Research
These three studies have demonstrated the feasibility of employing scientific rigor in
research of interactive creative behavior toward improving therapeutic music-based interventions
and clinical outcomes. McPherson and Limb (2013) point out the challenges of understanding
the cognitive neuroscience of such behavior, but argue that improvisation may provide one of the
most useful models of studying extemporaneous interactive creative behavior. As one of the four
primary methods of music therapy (Gardstrom & Sorel, 2015), improvisation was shown to be an
activity that, like any other human endeavor, has biological correlates. The methods used across
the three studies in this dissertation are appropriate for eliciting, observing, and measuring such
bio-behavioral mechanisms. Future research toward the development of reliable and effective
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treatment interventions could be meaningfully guided by an epistemological model of inquiry,
introduced by Thaut (2000), reported by Roth (2002), and strongly advocated for by de L’Etoile
et al. (2012). The three studies in this dissertation adhere to the general framework of this model,
known as the Rational-Scientific Mediating Model (R-SMM), are aligned with the NIH’s Sound
Health Initiative described above, and lay the groundwork for fully scaled versions of these studies
with both typically functioning and clinical populations. They provide an interdisciplinary guide
to structure mixed methods studies that further examine relevant biomarkers and humanistic
outcomes of improvisation, for populations served by music therapists using ecologically valid
experiences.
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